
· KOPPERS 
INDUSTRIES 

April 13, 2000 

NWNatural 
220 NW Second Avenue 
Portland, Oregon 97209 
Attn: Sandra Hart 

Manager: Risk, Environmental and Land 

RE: Investigation and Cleanup Studies Documents 
Gasco Facility 
7900 NW St. Helens Road 

Dear Sandra: 

Koppers Industries, Inc. 
436 Seventh Avenue 

Pittsburgh, PA 15219-1800 

Telephone: (412) 227-2001 
Fax: (412)227-2423 

As part of recent environmental reviews we have been conducting for all of our operating 
facilities, we reviewed a draft of a document entitled: Final Remedial Investigation / 
Feasibility Study Work Plan (Hahn and Associates, Inc., August 4, 1995), that was 

. accessed through Beazer East, Inc. As a consequence of this review, we have two related 
concerns associated with NW Natural's reporting of environmental work in the area of 
our lease: 

1. The common use of "Koppers" as an acronym both for Koppers Company, 
Inc., now known as Beazer East, Inc., and Koppers Industries, Inc. 

2. Any inference or reference to Koppers Industries' lease property use and 
activities with regard to the need for cleanup work. 

With regard to item 1, for example, the report discusses in Section 3.0, "Site 
Description", a lease to "Koppers Company, Inc. (Koppers) jor creosote oil 
distribution." Then further states that " ... leases with Koppers have recently been 
renegotiated" The date of this report and renegotiation of the lease, relative to the 
environmental issues being addressed through NW Natural's activities have nothing to do 
with Koppers Industries' activities upon the leased property. 

Further, reference and discussions of potential contamination throughout the report 
discuss "Koppers" property or processes without benefit of the understanding of the 
ownership transition. For example, Section 4.2, "Potential Contaminant Sources", 
indicates that "[TJhe process areas of concern at the site are identified as: ... Light Oil 
PlantlKoppers Plant ... " 

With regard to item 2, for example, the report discusses in Section 4.6, "Estimated 
Nature and Extent of Contamination", "[0 Jther areas where solid contaminants may be 
expected are in the ... and in the current area of pencil pitch storage at Koppers". 
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Clearly this could be misinterpreted to include Koppers Industries within the scope of the 
investigation and cleanup work in the area. 

I believe these examples demonstrate our concern raised by the language within your 
consultant's report and request that NW Natural consider Koppers Industries' concerns 
with regard to all future reports. Providing a clear differentiation between Koppers 
Industries and Koppers Company with regard to the historic (pre-Koppers Industries) 
contamination should be reflected in all ofNW Natural's documents. 

It is Koppers Industries' belief that all of the environmental issues being addressed at and 
around our lease property represent Existing Environmental Liabilities, as that term is 
defined in our current lease with NW Natural: . 

"Existing Environmental Liabilities" means the liability of Landlord, and Koppers 
Company, Inc. (now known as Beazer East, Inc. and the previous tenant under the 
Prior Lease) for certain environmental contamination of Landlord's Plant 
Property, as established and allocated pursuant to an agreement between Landlord 
and Beazer East, Inc. 

Koppers Industries has dutifully maintainecJ our obligations for repairs and maintenance, 
and undertaken environmental measures to ensure that environmental concerns have not 
and will not arise from our activities at the property. Based on Koppers Industries' 
environmental compliance and stewardship activities, NW Natural, nor any party 
involved with your assessment work, should have reason to believe that Koppers 
Industries has any obligation with regard to the historic environmental impairment of the 
property. 

Your attention to this matter is appreciated. Please do not hesitate to contact me should 
you take issue with any part of this correspondence, or otherwise wish to discuss this 
matter further. 

Sincerely, 

~ .. y.~ 
Traci I. Self 
Environmental Manager 
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CC: 
Amos Kamerer-Portland 

. Mark Cilley-Stickney 
Leslie Hyde 
Jim Dietz ¥-- I ~ 5V 
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#31Z18 P.1ZI2/07 
FROM :\<OPPERS INDUSTRIES, INC. 285 3581 191Z11Z1,08-1Z17 15:51 
, 

HAHN AND ASSOCIATES, INC. 
ENVIRONMENTAL CONSULTANTS 

July 31, 2000 

Mr. Amos Kamerer 
Koppers Industries, Inc. 
7540 NW St. Helens Road 
Portland, Oregon 97210·3663 HAl Project #2708 

SUBJECT: Groundwater QualitY Data, Above-Ground Storage Tank Support Piling 
Monitoring, Koppers Industries, Inc. Lease Area, NW Natural-GascD Facility, 7900 NW 
St. Helens Road, Portland, Oregon 

Dear Mr. Kamerer: 

On behalf of NW Natural, enclosed please find a summary of available groundwater 
quality data (Tables 1, 2, and 3) as obtained from wl.~Hs at the Gasco site that munitor 
groUllclwnter conditions down-gradient from the new coal tar pitch above-ground tank that 
was constructed at Koppers Industries, Inc. (Figtn'e 1). 

As you are aware, monitoring wells MW-15-50, MW-15-66, and MW-14-110 (all down· 
gradient of the tank founda.tion pilings) are being monitored on a quarterly sampliug 
frequency as per a December 14, 1999 assessment planl that has been implemented such 
that an evaluation of environmental impacts associated with piling construction for the 
new coal tar pitch tank may be completed (pilings were d,riven in May 1999). 

As per the aSsessment plan, with completion of the June 2000 s~pling event, water quality 
trend,s at the referenced wells will be evaluated by HAl, with findings summarized and 
provided to the Oregon Department of Environmental Quality (ODEQ) within the Second 
Quarter 2000 Remedial Investigation Progress Report for the Gasco site. 

If there are any comments or questions, plea.se contact either the undersigned. 

Sincerely, 

~~. 
Robert }~de 
Sr. Project Manager 

c: Mr. Bob Wyatt, NW Natural 
Mr. Richard Bach, Stoel Rives, LLP 
Mr. Steve Cappellino, AnchQr Environmental LLC 

1 Hahn and Aisociates. we. (1999), Proposed A!lStlSS1I1fmt Plan, Above·Ground Storage TlJ.TLk Support 
Pilings, KoppeT8 Lease Area, NorthweBt Natu70.1 Lease N&!cz, NQrthwest Natural·GCZ8co Facility, 7900 
NW St. Helens Road, Portland, Oregon. (Ede to Blischke, December 14, 1999). 

434 NW SIXTH AVENUE, SUITE 203' PORTLAND, OREGON 97209-3651 
S03n96-0717 OFFICE· 503/227-2209 FAX 
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F~Q~ :~OPPERS INDUSTRIES, INC. 286 3681 

HAHN AND ASSOCIATES, INC. 
ENVIRONMENTAL MANAGEMENT 

December 14, 1999 

Mr. Eric Blischke 
Department of Environmental Quality 
Voluntary Cleanup and Sjte Assessment Section 
811 SW 6th Avenue 
Portland Oregon 97204 

1999,12-16 10: 12 11502 P.02/02 

RECE"IVED 
DEC 141999 

KOPPERS INDS. INC. 
PORTLAND OR 

HAl Project #2708 

SUBJECT: Proposed .Assessment Plan, Above-Ground Storage Tank Support Pilings, 
Koppers Lease Area, Northwest Natural-GaBCO Facility, 7900 NW St. Helem Road, 
Portland, Oregon 

Deai'Mi--:- BHi:a:hke:" -". .. - " . 

In correspondence dated October 1, 1999 (Blischke to Hart), you l'equested that Northwest 
Natural prepare a plan to aSsess the source of high benzene and polynuclear aromatic 
hydrocarbon (PAR) concentrations identified in monitoring well MW-15-50, installed 
within the upper portion of the Alluvial Sand water beanng zone (WBZ) immediately 
down-gradieDt of pilings recently installed to the bedrock !51)nQ.ce to support Koppers new 
coal tar pitch 0 bnve-ground storage tank. 

As indicated in your letter of October 1, 1999, you stated that the identification of 
contamination at the MW-15-50 well location is indicative that contaminants were either 
dragged down with the recently installed pilings or that a conduit was opened up through 
which contaminants from the Surficjal Fill WBZ may now migrate to the underlying 
Alluvial Sand WBZ. 

Although piling-induced contamination within the Alluvia] Sand WBZ. as described 
above, is a possibility, sufficient data do not exist at this tiTne to support this conclusion 
with sufficient certainty. For example, since we do not have the benefit of baseline data, 
it is similarly possible that the contamination identified wjthin the MW-15-50 well was 
pre-existing. 

Based on the uncertainty related to the contaminant release mechanism, the objective of 
the assessment plan described herein is to allow the determination of the source for the 
eJevated contaminant concentrations identified at the MW-15-50 monitoring well 
location. Specifically. a dei:.~:rmination lllUfit be made as to whether these impacts: (1) 
pre-date the installation of tonl( foundation pilings; (2) are the result of limited piling 
drag-down of shallow contamination into the Alluvial Sand WBZ; or (3) are the result of 
the pilings acting as an on-going conduit for the continued migration of shallow 
contamination into the Alluvial Sand WBZ. The preceding determination will be 
necessary in order to evaluate whether tank installation procedures have exacerbated 

" existing contamination at the site. " 

In order to make the preceding determination, it is proposed that monitoring wens MW-
15-50, MW-15-66, and MW-14-110 (all down-gradient of the foundation pilings) be 
monitored on a quarterly sampling frequency as proposed in prior correspondence dated 
October 28, 1999 (Ede to B1ischke). The proposed monitoring will allow for identification 
of concentration trends at these three wells, thereby providing the necessary data to 
determine the typelmechani:.lm of the contaminant source currently identified at the 
MW-15-50 location and/or to evaluate whether other investigative techniques will be 
necessary to make this determination. 

434 NW SIXTH A VENUE, SUITE :2.03 - PORTLAND, OREGON 97209-3600 
. 5031796-0717 OFFICE: • 503/227-2209 fAX 
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Proposed Assessment Plan: Koppers Above-Ground Storage Tank 
Northwest Natural. Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

1999.12-16 10: 12 1t502 P.01/02 
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Project #2708 

December 14,1999 

If contaminant concentrations continue to decline at both the MW-15-50 and MW-15-66 
locations, then it can be concluded that cOlltaminant drag-down was the likely source . 
aud that only further monitoring is necessary. However, if concentrations increase or 
stay the same at well MW-15-50, then further evaluation, likely involving the collection 
of depth-discrete gr.Ol)ndw~ter samples at various locations, will likely be recommended. 

Based on the preceding, it is proposed that water quality trends at the referenced wells be 
evaluated to make a determination as to contaminant source mechanism after 
completing data collection activities for the period of one year (i.e., until August 2000). 
Once this determination is made, it is expected that DEQ wi;Jl then issue a decision 
regarding the removal of the current moratorium on further tank construction activities 

'-"-'anlieslte-:'-" ... _. -- .. ---- -------.---.-----... -.-.--. -'--'-- .'--

If there ~e any comments or questions, please contact either the undersigned. 

t;?J:I1 dL
~de 
Sr. Project Manager 

c: ~. Sandra Hart, Northwest Natural 
~r. Amos Kamerer, Koppers Industries 

Mr. Richard Bach, Stael Rives, LLP 
Mr. Tom Schadt, Anchor Environmental LLC 

------- .. ------
Post-Ite Fax Note 7671 
To 

BAHN AND ASSOCIATES, INC. 
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HAHN AND AsSOCIATES, INc. 
ENVIRONMENTAL MANAGEMENT 

May 13,1999 

Mr. Eric BIischke 
Oregon Department of Environmental Quality 
Voluntary Cleanup and Site Assessment Section 
811 SW 6th Avenue 
Portland, Oregon 97204 

Copies to: 
Jim Diet7. - 1650 
Steve K !r - 1800 
Traci SeLf - 1800 
Bill Meisinger - V-PARe 
Jack S tephen~Q!!_.: _1950 

;n?)/L: (~lLr\L_~rr·::.:-l 
P:J(i II \ \.! MAY 1 7 1999 
I U Ui---____ . ___ .. _____ . .;: .. J' 

L . 

HAl Project No. 2708 

SUBJECT: Proposed Monitoring Well Installation Activities;Northwest Natural-Gasco 
Facility, 7900 NW St. Helens Road, Portland, Oregon 

Dear Mr. BIischke: 

1.0 INTRODUCTION 

At the request of Northwest Natural and Kopper's, Inc., Hahn and Associates, Inc. (HAl) 
has prepared this proposal for the installation of two groundwater monitoring wells at the 
above-referenced site. This proposal results from discussions that were held during a May 
5, 1999 meeting with the Oregon Department of Environmental Quality (DEQ) and 
representatives of Koppers, Inc. and Northwest Natural. Specifically, the DEQ requested 
that two wells, one to monitor the upper Alluvial Sand Water Bearing Zone (WBZ), and the 
other to monitor the Bedrock WBZ, be installed at a location down-gradient from a soon to 
be constructed 2-million gallon coal tar tank at the Kopper's, Inc. portion of the site. A third 
well, MW-14-110, already exists at a favorable location for monitoring groundwater 
quality within the lower Alluvial Sand WBZ, immediately above the bedrock surface and 
down-gradient of the tank location. 

2.0 BACKGROUND 

As the foundation for the aforementioned tank is to be installed through a location of 
residual oil tar contamination (with possible DNAPL) at the site, the primary objective of 
the proposed wells will be to provide adequate coverage for monitoring groundwater quality 
down-gradient of the tank such that any significant exacerbation / spread of existing 
contamination that may result from the installation of tank footings (driven pilings to the 
top of bedrock), may be identified. Such an occurrence would require additional 
evaluation to determine if predicted exposure points and/or exposure concentrations 
(components of the site risk assessment) would require updating. 

Once installed, both wells will be incorporated into the routine groundwater monitoring 
program for the Gasco site, and as such they will undergo one-year of quarterly 
monitoring prior to evaluating them with regard to the possible incorporation into a less 
frequent sampling schedule. Constituents of analysis would be the same as those for 
samples collected from existing well MW-14-110, which include Polynuclear aromatic 
hydrocarbons, aromatic hydrocarbons, cyanide, and select metals. Details of the proposed 
well installations are provided below. 

434 NW SIXTH AVENUE, SUITE 203 • PORTLAND, OREGON 97209-3600' 
. 5031796-0717 OFFICE • 5031227-2209 FAX 
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Work Plan for Monitoring Well Installation 
Northwest- Natural - Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

3.0 PROPOSED MONITORING WELLS MW-15i AND MW-15br 
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The final designation for the proposed intermediate depth well (MW-15i) and the bedrock 
zone well (MW-15br) will be designated by a prefix "MW", followed by the monitoring well 
number, followed by a number representing the depth of the well in feet below ground 
surface, such as MW-15-65. The proposed location for wells MW-15i and MW-15br is 
approximately 75 feet to the southwest of the existing well MW-11-32 (Figure 1). This 
location will put the"wells approximately 100 to 150 feet down-gradient from the location of 
the new coaJ. tar'tank, a location that is as close to the tank location as possible due to the 
presence of a pencil pitch storage facility immediately adjacent to the tank location. 

Monitoring well MW-15i will be installed such that it will monitor the upper Alluvial Sand 
WBZ, to target a similar zone as is monitored by other intermediate-depth wells at the site. 
Based on the preceding, it is anticipated that well MW-15i will have a total depth of 
approximately 65 feet below ground surface (bgs). However, the actual depth interval 
monitored may be modified in the field based on the hydrogeological conditions 
encountered at the targeted depth interval (i.e., if a silt or clay occupies the target interval). 

The bedrock surface is anticipated to be encountered at a depth of between 90 and 110 feet bgs 
at the proposed MW-15 well location. Monitoring well MW-15br will be installed to a depth 
corresponding to the shallowest measurable water bearing zone within bedrock. Due to the 
uncertainties associated with the depth at which groundwater will be encountered within. 
bedrock, only an estimate of the final depth of this well can be provided herein. As such, it 
is estimated that well MW-15-br will be installed to a total depth of between 125 and 175 feet 
bp. . 

Installation Procedures 
All monitoring well installation work will be performed by an Oregon-bonded and 
licensed monitoring well constructor. The monitoring well installations will be 
completed in accordance with the Oregon Groundwater Law (Oregon Revised Statute 
(ORS) Chapter 537) and the Rules for Construction and Maintenance of Monitoring Wells 
and Other Holes in Oregon (Oregon Administrative Rules (OAR) Chapter 690, Division 
240). 

Borehole drilling and well installation activities will be conducted via air rotary drilling 
methodology. Soil quality screening and sampling methodologies will be as specified 
within the HAl document entitled Final Remedial Investigation / Feasibility Study Work 
Plan, Northwest Natural Gas Company, dated August 4,1995. 

Above bedrock, soil samples will be collected within MW-15br at approximate 5-foot 
intervals below a depth of 25 feet. No sampling will be conducted above a depth of 25 feet 
since sufficient data at this location exists from the B-27 boring. No soil sampling will be 
conducted at the MW-15i location (to be installed second), other than to confirm surface 
casing and screen placement. Soil samples will be collected for lithologic descriptive 
purposes only unless field screening results indicate the presence of contamination at 
locations that do not correlate with the site conceptual model. Below bedrock, soil cuttings 
will be collected from the drill rig cyclone for lithological description and contaminant 
screening purposes. 

Koppers022133 
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NorthwestNatural- Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Monitoring Well Design 
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Wells will be construCted with 10 feet of 0.020-inch slotted stainless-steel screen, a 
stainless steel sump installed below the screen, and a PVC riser pipe above the screen. 
Because drilling for both wells MW-15i and MW-15br will be conducted through a zone of 
residual soil contamination and possible DNAPL occurrence, as well as through the 
underlying Silt Unit, an 8-inch (MW-15i) and a 12-inch (MW-15br) steel permanent 
protective surface casing will be installed through the potential DNAPLzone, and will be 

-set approximately 10 feet into the Silt Unit at a depth of approximately 34 feet bgs prior to the 
-continuation of drilling through the Silt Unit. A split spoon soil sample will be collected 
prior to setting the casing for the first well to be installed in order to ensure appropriate 
placement. The proposed depth of completion for the protective casing is based on the 
lithologic and contaminant conditions identified at boring B-27, located adjacent to the 
proposed MW-15 well location. The casing will be grouted in-place by tremie pipe 
methods. The grout will be allowed to set for 12 hours prior to the continuation of drilling. _-

With regard to MW-15br, a 6-inch diameter steel permanent casing will be installed 
through the upper 12~inch surface casing and will be set and grouted into a 5-foot socket to be 
drilled into the top of competent bedrock. This casing will act to seal off the bedrock zone 
from possible current or future contamination that may be present within the Alluvial 

-Sand WBZ. The remainder oUhe borehole for well MW-15br will be drilled as a 6-inch 
diameter open hole. Upon encountering the first isolated zone of groundwater within the 
bedrock zone, well MW-15br will be completed with a 3.25-inch diameter pre-packed 
stainless steel well screen and 2-inch diameter Schedule 80 PVC riser. Additional filter 
pack material will be placed in the annulus adjacent to the well screen, a bentonite plug 
will be placed, and the remainder of the annulus Will be grouted. 

Monitoring Well Development 
Following installation of well MW-15i and MW-15br, each well will be surged with a 
surge block and further developed by purging with a submersible pump in an attempt to 
remove the fine sediment from around the well bore. To prevent grout intrusion into the 
sand pack, development activities will occur no sooner than within 48 hours of the 
completion of monitoring well installation activities. Development will continue until a 
minimum of 10 well volumes of water have been removed from the well, relatively 
sediment-free water is produced, and the indicator parameters of temperature, pH and 
specmc conductance have stabilized to within 10 percent. Sampling will take place no 
sooner than 72 hours following development. 

Investigative-Derived Waste Management 
-Soil cuttings, as well as decontamination and development water will be generated during 
the proposed monitoring well mstallation activities. All investigative-derived waste 
(IDW) will be containerized within a water-tight roll-off container, and left on-site. As 
provided in correspondence dated May 20, 1996 (Blischke to Hart), all liquid IDW will he 
treated within Northwest Natural's existing water treatment system and will be 
discharged via a National Pollution Prevention Discharge Elimination System (NPDES) 
permitted discharge point. Soil cuttings will remain on-site pending a determination of 
an appropriate disposition. -

Koppers022134 
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Northwest Natural- Gasco Facility 
7900 NWSt. Helens Road 
Portland, Oregon 

Anticipated Schedule 
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, Drilling has been tentatively scheduled to commence on Wednesday, May 19, 1999, with 
installation activities anticipated to be completed on Wednesday May 26, 1999. Well 
development and the first round of groundwater monitoring activities will likely occur the 
following week. . 

If there are any comments or questions, please contact either the undersigned. 

Sincerely, 

RobertEde 
Project Manager 

c; Ms. Sandra Hart, Nprthwest Natural 
vMr. Amos Kamerer, Koppers Industries 

Mr. Richard Bach, Stoel Rives, LLP 
Mr. Frank Selker, Decision Focus, LLC 
Mr. Tom Schadt, Anchor Environmental, LLC 
Ms. Karla Urbanowicz, Oregon Department of Environmental Quality 

.. 
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.;.---.---------------------- -~~~~~~---------------- oregon 
,/.: August 9, 1994 DEPARTMENT OF 

,... ENVIRONMENTAL 
, .. f, 

Ms. Carla Kelley QUALITY ------------Associate Counsel 
Northwest Natural Gas Company NORTHWEST REGION 

220 N. W. Second Avenue 
Portland, OR 97209 

Dear Ms. Kelley: 

Re: RIIFS Agreement and Scope of Work for 
Northwest Natural Gas Company - GASCO 
Site 

Enclosed is a signed original of the Remedial Investigation and Feasibility Study Agreement and 
Scope of Work (SOW) prepared by the Oregon Department of Environmental Quality (DEQ) 
for the former GASCa facility located at 7540 N.W. St. Helens Road in Portland, Oregon. 
This document is being returned to you for your records. 

DEQ appreciates your participation in the Voluntary Cleanup Program and looks forward to a 
productive relationship. If you have any questions, please do not hesitate to contact me at 229-
6802. 

Sincerely, 

Eric L. Bllschke 
Project Manager, Voluntary Cleanup Section 
Northwest Region /\ 

i \ 

\j EB:eb 

Enclosure 

cc: Mike Rosen, NWR/DEQ (w/o enclosure) 
Sandra Hart, NWNG (wI a enclosure) 
Norm King, WMCDIDEQ (wI enclosure) 
Kurt Burkholder, DOJ (w/o enclosure) 
Dick Bach, Stole, Rives, Boley Jones & Grey (w/o enclosure) 

2020 SW Fourth Avenue 
Suite 400 
Portland, OR 97201-4987 
(5D:l) 229-5263 Voice/TOO 
1)10(,)-1 
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CORPORATE SECRETARY REGISTER: 

COMPUTER REGISTER: 

CUSTOMER SERVICE REGISTER: 

GAS PURCHASE/AGENCY REGISTER: 

INTERSTATE SALES AGREEMENTS: 

NORTHWEST PIPELINE REGISTER: 

SYSTEM SUPPLY REGISTER; 

ONGDC REGISTER: 

NNGES REGISTER: 

PACIFIC SQUARE REGISTER: 

OTHER AGREEMENTS REGISTER: 

NNGFC REGISTER: 

KELSO BEAVER PIPELINE REGISTER: 

NNG CAPACITY CORPORATION: 

CONTRACT NO.: 348 

DATE: August 9, 1994 

BElWEEN: Oregon Department of Environmental Quality 

SUBJECT MATTTER: RIIFS Agreement and Scope of Work for NWNG Co. - GASCO Site 
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-. VOLUNTARY AGREEMENT FOR 
REMEDIAL INVESTIGATION/FEASIBILITY STUDY 

DEQ NO. WMCVC-NWR-94-13 

BETWEEN: Northwest Natural Gas company 

AND: Oregon Department of Environmental Quality (DEQ) 

EFFECTIVE DATE: ~(~(q~ 

Pursuant to ORS 465.260(2) and (4), the Director, Oregon Department of 
Environmental Quality (DEQ) , enters this Agreement with the Northwest 
Natural Gas Company (NWNG). This Agreement contains the following 
provisions: 

I. Recitals ............ ' ............................. . 
II. Agreement ........................................ . 

A. Work ................. · ..... ' .................... . 
B. Public Participation .......................... . 
C. DEQ Access and oversight ...................... . 
D. Project Managers .............................. . 
E. Notice and Samples ............................ . 
F. Quality Assurance ......•....................... 0 

G. Records ........... o ••••••••• 0 •••••••••••••••••••• 

H. Progress Reports .............................. . 
I. other Appl icable Laws ............ 

o 
•••••••••••••• 

J. Reimbursement of DEQ Costs .................... . 
K. Force Ma j eure ............•..................... 
L. Prior Approval •..........•..................... 
M. Dispute Resolution ................•............ 
N. Enforcement of Agreement and 

Reservation of Rights ......................•. 
o. Hold Harmless ................................. . 
P. Parties Bound ................................. . 
Q. Modif ica tion .................................. . 
R. Duration and Termination ...................... . 

. I. RECITALS 

A. NWNG is a "person" under ORS 465.200(13). 

Page 
1 
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B. The NWNG site is a "facility" under ORS 465.200(6). The NWNG site 
occupies approximately 47 acres at 7540 N.W. st~ Helens Road, 
Portland, Oregon and is the location of a former oil gasification 
plant. A vicinity map and a site map are included in Attachment A 
to this Agreement. 
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C. From 1913 until 1956, NWNG, then known as the Portland Gas and 
Coke Company (GASCO) operated an oil gasification plant on the 
present property owned by NWNG. An adjoining approximately 73 
acre portion of the property was sold by NWNG in 1962 and is 
currently the site of the Wacker siltronics Corporation 
manufacturing facility. The former GASCD facility produced oil 
gas and lampblack briquettes. other materials produced by the 
plant for sale included light oils, tar and electrode grade coke. 
Wastes generated at the facility included tar, wastewater 
containing dissolved and suspended hydrocarbons, and spent oxide. 
Many of these wastes were disposed of in on-site tar ponds. In 
1971 the largest remaining tar pond was estimated to contain 6 
million gallons of tar and tar/water emulsion. This tar pond was 
subsequently filled in with spent oxide material and rubble and 
spread out over the southeastern portion of the site. NWNG 
currently operates a liquified natural gas (LNG) plant at the site 
and leases portions of the former GASCD facility to Pacific 
Northern oil Company (Pacific ~orthern) and Koppers Industries, 
Incorporated (Koppers). 

D. Investigations conducted to date indicate that petroleum 
hydrocarbons, volatile aromatic hydrocarbons and polycyclic 
aromatic hydrocarbons (PAHs) are present in subsurface soils and 
groundwater on the NWNG property. A total PAH concentration of 
926 mg/l was detected in a 1984 sample collected from a monitoring 
well installed on the property leased from NWNG by Koppers. 
Ethylbenzene and xylene were detected in the same monitoring well 
at 380 mg/l and 2600 mgjl respectively. Analysis of a 1984 
sediment sample collected from the NWNG LNG containment basin 
detected 300 mg/kg of total PAHs. Analysis of a 1993 water sample 
collected from the NWNG LNG containment basin detected 8.3 mgfl of 
benzene and 1.4 mgjl of total PAHs. 

The substances described in this section are "hazardous 
substances" under ORS 465.200(9). The presence of hazardous 
substances in soil and groundwater at the facility constitutes a 
"release" or "threat of release" into·the environment under 
ORS 465.200(14). 

E. NWNG requested DEQ oversight of its investigation and cleanup 
activities and executed a voluntary Letter Agreement with DEQ on 
January 3, 1994. NWNG provided a $5,000 advance deposit to cover 
initial DEQ oversight costs. 

F. DEQ considers the activities required by this Agreement to be 
necessary to prdtect public health, safety, and welfare and the 
environment. 
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II. AGREEMENT 

The parties agree as follows: 

A. Work 

1. Remedial Investigation and Feasibility study. 

NWNG shall perform a remedial investigation and feasibility 
study (RI/FS) satisfying OAR 340-122-070 and OAR 340-122-080, 
the terms and schedule of a DEQ-approved work plan developed 
by NWNG, and applicable elements of the general Scope of Work 
contained in Attachment B to this Agreement. NWNG may 
specify, in the proposed work plan, elements of the SC9pe of 
Work that NWNG considers inapplicable or unnecessary to the 
RI/FS for the facility. NWNG may propose to perform the work 
in phases or operable units. 

2. Review 

DEQ shall provide review, approvals/disapprovals, and 
oversight in accordance with the schedule set forth in the 
Scope of Work, or as soon as thereafter practicable in the 
event staff resources or workload prevent compliance with the 
schedule. Any DEQ delay shall correspondingly extend NWNG's 
schedule for a related deliverable or activity. 

3. Additional Measures 

NWNG may elect at any time during the term of this Agreement 
to undertake measures other than those required under this 
Agreement necessary to address a release or threatened release 
of hazardous sUbstances at the facility which is the subject 
of this Agreement. Such other measures shall be subject to 
prior approval by DEQ, which approval shall be granted if DEQ 
determines that the additional measures will not compromise 
the validity of the RI/FS and will not threaten human health 
or the environment. 

B. Public Participation 

Upon execution of this Agreement, DEQ will provide public notice 
of this Agreement through issuance of a press release, at a 
minimum to a local newspaper of general circulation, describing 
the measures required under this Agreement. Copies of the 
Agreement will be made available to the public. DEQ shall provide 
NWNG a draft of such press release and consider any comments by 
NWNG on the draft press release, before pUblication. 

c. DEQ Access and oversiqht 

1. DEQ shall use its best efforts, but not be obligated, to 
provide reasonable advance notice before entering the 
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facility. NWNG shall allow DEQ to enter and move freely about 
all portions of the facility at all reasonable times for the 
purposes, among other things, of inspecting records relating 
to work under this Agreement; observing NWNG's progress in 
implementing this Agreement; conducting such tests and taking 
such samples as DEQ deems necessary; verifying data submitted 
to DEQ by NWNG; and, using camera, sound recording, or other 
recording equipment for purposes relating to work under this 
Agreement. 

2. NWNG shall permit DEQ to inspect and copy all records, files, 
photographs, documents, and data relating to work under this 
Agreement, except that NWNG shall not be required to permit 
DEQ inspection or copying of items subject to attorney-client 
or attorney work product privilege. DEQ shall use its best 
efforts, but not be obligated, to provide reasonable advance 
notice before records inspection and copying requests. 

3. Attorney-client and work product privileges may not be 
asserted with respect to any records required under section 
II.G~l and II.G.2 of this Agreement. NWNG shall identify to 
DEQ, by addressor-addressee, date, general subject matter, and 
distribution, any document, record, or item 
withheld from DEQ on the basis of attorney-client or attorney 
work product privilege. DEQ reserves its rights under law to 
obtain documents DEQ asserts are improperly withheld by NWNG. 

D. Project Managers 

1. To the extent possible, all reports, notices, and other 
communications required under or relating to this Agreement 
shall be directed to: 

DEQ Project Manager: 

Eric Blischke 
Department of Environmental Quality 
Northwest Region 
2020 S.W. Fourth Avenue, suite 400 
Portland, OR 97201 
(503) 229-6802 

NWNG Project Manager: 

Sandra Hart 
Northwest Natural Gas 

Company 
220 S.W. Second Avenue 
Portland, OR 97209 
(503) 226-4211 

2. NWNG's and DEQ's Project Managers shall be available and have 
the authority to make day-to-day decisions necessary to 
complete the scope of work under this Agreement. 

E. Notice and Samples 

~G shall make every reasonable attempt to notify DEQ of any 
excavation, drilling, or sampling to be conducted under this 
Agreement at least five (5) working days before such activity but 
in no event less than twenty-four (24) hours before such activity. 
Upon DEQ's verbal request, NWNG shall make available to DEQ a 
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split or duplicate of any sample taken pursuant to this Agreement. 
DEQ shall make every effort to complete analysis of any split or 
duplicate sample on a schedule consistent with NWNG's schedule for 
related activities. 

F. Quality Assurance 

NWNG shall conduct al~ sampling, sample transport, and sample 
analysis in accordance with the Quality Assurance/ Quality Control 
(QA/QC) provisions approved by DEQ as part of the work plan. All 
plans prepared and work conducted as part of this Agreement shall 
be consistent with DEQ's "Quality Assurance Policy No. 760.00". 
NWNG shall ensure that each laboratory used by NWNG for analysis 
performs such analyses in accordance with such provisions. 

G. Record~ 

1. In addition to those technical reports and documents 
specifically required under this Agreement, NWNG shall provide 
to DEQ within ten (10) days of DEQ's written request copies of 
existing documents relating to work required under this 
Agreement, including QA/QC memoranda and audits, final plans, 
final reports, task memoranda, field notes, and laboratory 
analytical data that have undergone data quality validation. 

2. If DEQ determines that review of raw data or preliminary 
laboratory reports is necessary in order to ensure protection 
of public health, safety, and welfare and the environment, 
that information will be provided by NWNG immediately upon 
DEQ's written request. When such information is requested, 
DEQ will fully inform NWNG of the reasons making the request 
necessary. 

3. Except for preliminary drafts which have been superseded, NWNG 
and DEQ shall preserve all records and documents in possession 
or control of NWNG and DEQ, respectively, or their employees, 
agents, or contractors that relate in any way to activities 
under this Agreement· for at least five (5) years after 
termination under section II.R. of this Agreement; provided 
that after such 5-year period, NWNG and DEQ shall provide the 
other sixty (60) days notice before destruction or other 
disposal of such records and make them available for 
inspection and copying. 

4. NWNG may assert a claim of confidentiality regarding any 
documents or records submitted to or copied by DEQ pursuant to 
this Agreement. DEQ shall treat documents and records for 
which a claim of confidentiality has been made in accordance 
with ORS 192.410 through 192.505. If NWNG does not make a 

, claim of confidentiality at the time the documents or records 
are submitted to or copied by DEQ, the documents or records 
may be made available to the public without notice to NWNG. 
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H. progress Reports 

During each month of this Agreement, NWNG shall deliver to DEQ on 
or before the tenth (loth) day of each month two (2) copies of a 
progress report containing the following items. DEQ anticipates 
that the progress report will not exceed 2 pages in length. 

1. Actions taken under this Agreement during the previous month; 

2. Actions scheduled to be taken in the next month; 

3. Sampling, test results, and any other data generated by NWNG 
during the previous month; and 

4. A description of any problems experienced during the previous 
month and the actions taken to resolve them. 

I. other Applicable Laws 

f All actions under this Agreement shall be performed in accordance 
with all applicable federal, state, and local laws and 
regulations; except that, in accordance with ORS 465.315(2), DEQ 
in its discretion may exempt the on-site portion of any removal or 
remedial action from applicable requirements of ORS 466.005 to 
466.385, ORS Chapter 459, or ORS Chapter 468 (1989). 

J. Reimbursement of DEQ oversight costs 

1. DEQ shall submit to NWNG a monthly statement of costs actually 
and reasonably incurred after issuance of this Agreement by 
DEQ or the state of Oregon in connection with any activities 
related to the facility or oversight of NWNG's implementation 
of this Agreement. Each invoice will include a summary of 
costs billed to date. DEQ will also include a direct labor 
summary showing the person charging the time, the number of 
hours and the nature of the work performed. 

2. DEQ or State of Oregon oversight costs payable by NWNG shall 
include both direct and indirect costs. Direct costs include 
site-specific expenses, DEQ contractor costs, and DEQ legal 
costs. Indirect costs are those general management and 
support costs of the DEQ and of the Waste Management and 
Cleanup Division allocable to DEQ oversight of this Agreement 
and not charged as direct, site-specific costs. Indirect 
costs are based on a percentage of direct personal services 
costs. DEQ shall maintain work logs, payroll records, 
receipts and other documents to document work performed and 
expenses incurred under this Agreement and, upon request, 
shall make such records available to Respondent for inspection 
during the time of this Agreement and for at least one year 
thereafter. 
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3. Within thirty (30) days of receipt of the monthly statement, 
NWNG shall pay the amount of costs billed by check made 
payable to the "state of Oregon, Hazardous Substance Remedial 
Action Fund". 

K. Force Majeure 

1. If any event occurs that is beyond NWNG's reasonable control 
and that causes or might cause a delay or deviation in 
performance of the requirements of this Agreement, NWNG shall 
promptly notify DEQ's Project Manager verbally of the cause of 
the delay or deviation and its anticipated duration, the 
measures that have been or will be taken to prevent or 
minimize the delay or deviation, and the timetable by which 
NWNG proposes to carry out such measures. NWNG shall confirm 
in writing this information within five (5) working days of 
the verbal notification. 

2. If NWNG demonstrates to DEQ's satisfaction that the delay or 
deviation has been or will be caused by circumstances beyond 
the control and despite the due diligence of NWNG, DEQ shall 
extend times for performance of related activities under this 
Agreement as appropriate. Circumstances or events beyond 
NWNG's control might include but are not limited to acts of 
God, unforeseen strikes or work stoppages, fire; explosion, 
riot, sabotage, or war. Increased cost of performance or 
changed business or economic circumstances shall be presumed 
not to be circumstances beyond NWNG's control. 

L. Prior Approval 

Where DEQ review and approval is required for any plan or activity 
under this Agreement, NWNG shall not proceed to implement the plan 
or activity until DEQ approval is received. Any DEQ delay in 
granting or denying approval shall correspondingly extend the time 
for completion by NWNG. Prior approval shall not be required in 
emergencies or in instances where NWNG believes a delay in 
undertaking a particular action will threaten human health, safety 
or the environment; provided NWNG shall notify DEQ immediately 
after the emergency or activity and evaluate its impact on the 
RIfFS. 

M. Dispute Resolution 

In the event of disagreement between NWNG and DEQ regarding 
implementation of this Agreement, NWNG and DEQ shall, in the 
following order: 1) make a good faith effort to resolve the 
dispute between Project Managers; 2) if necessary, refer the 
dispute for resolution by the immediate supervisors of the Project 
Managers; and 3) if necessary, provide each other their respective 
positions in writing and refer the dispute for 'resolution by DEQ's 
Administrator of the Waste Management and Cleanup Division or the 
appropriate Region Administrator and NWNG's Chief Executive 
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Officer. DEQ's final decision after such dialogue shall be 
enforceable under this Agreement. If NWNG refuses or fails to 
follow DEQ's final decision, the parties shall be entitled to such 
rights and remedies, including but not limited to, judicial review 
and subject to such limitation as provided by applicable law. 

N. Enforcement of Agreement and Reservation of Rights 

1. In the event of NWNG's failure to comply with this Agreement 
(including any failure to reimburse oversight costs), DEQ may 
enforce this Agreement under ORS 465.260(5} or may terminate 
this Agreement after thirty (30) days written notice to NWNG. 

2. In the event of DEQ's failure to provide oversight in 
accordance with this Agreement, NWNG may terminate this 
Agreement after thirty (30) days written notice to DEQ. Costs 
incurred or obligated by DEQ before the effective date of any 
termination of this Agreement shall be owed under the 
Agreement notwithstanding such termination. 

3. NWNG does not admit any liability or violation of law by 
virtue of entering this Agreement. 

4. Nothing in this Agreement shall prevent NWNG from exercising 
any rights of contribution or indemnification NWNG might have 
against any person regarding 
activities under this Agreement; provided, NWNG waives any 
right it might have under ORS 465.260(7) to seek reimbursement 
from the Hazardous Substance Remedial Action Fund for costs 
incurred under this Agreement. 

5. NWNG agrees not to litigate, in any proceeding brought by DEQ 
to enforce this Agreement, any issue other than NWNG's 
compliance with this Agreement. 

o. Hold Harmless 

1. NWNG shall save and hold harmless the state of Oregon and its 
commissions, agencies, officers, employees, contractors, and 
agents, and indemnify the foregoing, from and against any and 
all claims arising from acts or omissions related to this 
Agreement of NWNG or its officers, employees, contractors, 
agents, receivers, trustees, or assigns. The State of Oregon 
shall notify NWNG of any such claims or actions as soon as 
practicable after receiving notice that such a claim or action 
is threatened or has been filed. NWNG shall have the right to 
participate fully at its own expense in the defense or 
settlement of such claims, including the right to promptly 
receive related correspondence with the claimant and the 
opportunity to participate in related meetings and telephone 
conferences with the claimant. The state will confer with 
NWNG regarding litigation and settlement strategy and, to the 
extent practicable, will allow NWNG to review ad comment on 
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~ pleadings and settlement documents before they are filed with 
the court or sent-to the claimant. NWNG shall have no 
obligations under this sUbsection with respect to any claim 
settled or otherwise compromised without NWNG's having been 
provided the opportunity to participate in accordance with 
this sUbsection. Subject to Article XI, Section 7 of the 
Oregon constitution and the Oregon Tort Claims Act, DEQ and 
the State of Oregon shall be responsible for the acts and 
omissions of their own employees and agents, except for DEQ 
acts approving or omissions constituting approval of NWNG's 
activities under this Agreement. DEQ shall not be considered 
a party to any contract made by NWNG or its agents in carrying 
out activities under this Agreement. 

2. To the extent permitted by Article XI, section 7, or the 
Oregon Constitution and by the Oregon Tort Claims Act, the 
state of Oregon shall save and hold harmless NWNG and its 
officers, employees, contractors, and agents, and indemnify 
the foregoing, from and against any and all claims arising 
from acts or omissions related to this Agreement of the State 
of Oregon- or its commissions, agencies, officers, employees, 
contractors, or agents (except for acts approving or omissions 
constituting approval of-any activity of NWNG under this 
Agreement). NWNG shall not be considered a party to any 
contract made by DEQ or its agents in carrying out activities 
under this Agreement. 

P. Parties Bound 

This Agreement shall be binding on the parties and their 
respective successors, agents, and assigns. The undersigned 
representative of each party certifies that he or she is fully 
authorized to execute and bind such party to this Agr~ement. No 
change in ownership or corporate or partnership status relating to 
the facility shall in any way alter NWNG's obligations under this 
Agreement, unless otherwise approved in writing by DEQ. 

Q. Modification 

DEQ and NWNG may modify this Agreement by mutual written 
agreement. 

R. Duration and Termination 

Upon completion of work under this Agreement, NWNG shall submit to 
DEQ a written notice of completion. This Agreement shall be 
deemed satisfied and terminated upon payment of all oversight cost 
owed and upon DEQ's issuance of a letter acknowledging 
satisfactory completion of activities in accordance with this 
Agreement. Such letter shall be issued within sixty (60) days of 
receipt of notice of completion and payment of outstanding DEQ 
oversight costs, or as soon thereafter as is reasonably 
practicable. 
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NORTHWEST NATURAL GAS COMPANY 

By: _" --f--->-6D~~f---f-T'--~~~_V'~ __ _ J£e) 
2« V? 

(Ti tle) 

STATE OF OREGON 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

By: 
(Name) 

(Title) 
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ATTACHMENT B 

VOLUNTARY CLEANUP PROGRAM 
REMEDIAL INVESTIGATION/FEASIBILITY STUDY 

SCOPE OF WORK 

I. OBJECTIVES AND SCHEDULE 

A. OBJECTIVES 

1. 

2. 

Work performed under 
incorporate existing 
specific objectives: 

this 
site 

Agreement 
information 

shall 
with 

complement and 
the following 

i. Determine t~e. magnitude, nature and extent of 
contamination at the Northwest Natural Gas Company 
(NWNG) site located at 7540 N.W. st. Helens Road. The 
investigation and cleanup, if required, shall include 
properties leased to Pacific Northern Oil Company and 
Koppers Industries, Incorporated. The investigation 
shall focus on" but not be limited to, petroleum related 
contaminants such as volatile aromatic compounds and 
polycyclic aromatic hydrocarbons (PAHs) and inorganic 
contaminants such as metals, cyanide and hydrogen 
sulfide. 

Work performed under 
incorporate existing 
overall objectives: 

this 
site 

Agreement shall 
information with 

complement and 
the following 

i. Identify the hazardous substances which have been 
released to the environment, 

ii. Determine the full nature and extent of hazardous 
substances in affected media on and off-site, 

iii. Determine the distribution of hazardous substance 
concentrations, 

iv. Determine the direction and rate of migration of 
hazardous substances, 

v. Identify migration pathways, 

vi. Identify the environmental impact and risk to human 
health and/or the environment, 

vii. Develop the information necessary to select a remedial 
action • . 

B. SCHEDULE 

The Remedial Investigation/Feasibility study (RIfFS) described in 
this Scope of Work may be completed in phases if that approach will 
better enable NWNG to meet the objectives listed above. All work 
under this Agreement will proceed in accordance with the schedule 
below, which assumes a phased approach and is measured in calendar 
days: 
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RIfFS Proposal 

Meeting to discuss RIfFS Proposal 

DEQ approval of RIfFS Proposal 

Draft RIfFS Work Plan 

DEQ review and comments 

Revised Draft RIfFS Work Plan 

DEQ review and approval 

Implementation of RI 

RI Letter Report 

DEQ review and comments 

Subsequent Phase Work Plan 
Addenda 

DEQ review and comment 

Provide to DEQ within 30 days of issuance 
of this agreement. 

Between DEQ and NWNG within 15 days of 
DEQ's receipt of the RIfFS proposal; DEQ 
and NWNG will meet, if necessary, to review 
the proposal, concur on the RIfFS approach, 
and discuss the content and format of 
deliverables. 

To NWNG within 10 days of meeting or within 
15 days of rec~ipt of RIfFS Proposal if 
meeting not held. 

To DEQ within 45 days of receipt of DEQ's 
approval of the RIfFS Proposal; the Draft 
RIfFS Work Plan shall include the draft 
Sampling and Analysis Plan (SAP), Health 
and Safety Plan (HASP), Quality Assurance 
Project Plan (QAPP), Endangerment 
Assessment Work Plan (EAWP) and Feasibility 
Study Work Plan (FSWP). 

To NWNG within. 30 days of receipt of the 
Draft RIfFS Work Plan. 

To DEQ within 15 days of receipt of DEQ com
ments; the revised RIfFS Work Plan shall 
include a revised SAP, HASP, QAPP, EAWP and 
FSWP as necessary, addressing DEQ comments. 

To NWNG within 15 days of receipt of an 
approvable RIfFS_Work Plan. 

Within 15 days of receipt of DEQ approval; 
NWNG shall complete work according to the 
schedule specif ied in the approved Work 
Plan. 

To DEQ within 30 days of completion of RI 
and receipt of laboratory data. Data shall 
be validated and any unusable data 
identified. Shall include a recommendation 
whether additional phases are required; 
format to be mutually agreed upon by DEQ 
and NWNG. 

To NWNG within 15 days of receipt. 

If it is mutually determined by DEQ and 
NWNG that additional phases are required, 
NWNG shall submit a Work Plan Addendum 
according to a format and schedule agreed 
upon between the parties prior to starting 
each phase of the Remedial Investigation, 
the Endangerment Assessment and the 
Feasibility Study. 

To NWNG within 21 days of receipt of each 
Work Plan Addendum. 
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Subsequent Phase RI Letter 
Reports 

DEQ review and comment 

Draft RI Report Outline 

DEQ Review and Comment 

Draft RI. Report 

DEQ review and comments 

Final RI Report 

Review and approval 

Draft FS Report 

DEQ review and comments 

Final FS Report 

DEQ review and approval 

II. RIfFS PROPOSAL 

Within 30 days of completion of subsequent 
phases of the RI work, NWNG shall issue 
additional Phase RI Letter Reports which 
summarize the RI work to date and include a 
recommendation whether additional phases 
are required. 

To NWNG within 15 days of receipt of the 
Letter report for each phase of the RI. 

To DEQ within 30 days of receipt of DEQ's 
comments on the final phase of the RI work 
and receipt of all laboratory data; the 
outline will provide a table of contents 
and a list of figures and tables. 

To NWNG within 15 days of receipt. 

To DEQ within 60 days of receipt of DEQ's 
comments; the draft RI report will include 
a draft Endangerment Assessment, summarize" 
all RI work to date and respond to all DEQ 
comments to-date. 

To NWNG within 45 days of receipt of the 
Draft RI Report. 

To DEQ within 30 days of receipt of DEQ 
comments. 

To NWNG within 30 days of receipt of an 
approvable RI Report. 

To DEQ within 60 days of DEQ approval of 
the Final RI Report 

To NWNG within 45 days of receipt of the 
Draft FS report 

To DEQ within 30 days of receipt of DEQ's 
comments 

To NWNG within 30 days of receipt of an 
approvable FS Report 

The RIfFS Proposal will be a brief discussion of NWNG' s proposed approach to the 
RIfFS, addressing soil, groundwater, surface water, sediments, and air. The 
proposal will provide the framework for the RIfFS Work Plan and will include the 
following, assuming a phased approach: 

A. A summary of site-specific issues and a review of the results of 
previously completed work; 

B. A general description of each proposed phase, including the goals 
and objectives of each; 

, C. Phase I sample locations, depths, proposed analytical methods, and 
the rationale for each (include map); and 
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D. The estimated schedule for implementation of Phase I and subsequent 
phases if necessary. 

III. REMEDIAL INVESTIGATION WORK PLAN 

The RI Work Plan shall be based on the Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA, OSWER Directive 9355.3-01, 
1988, and developed in accordance with OAR 340-122-080. 

The Work Plan shall include, but not be limited to the following items: 

A. PROJECT MANAGEMENT PLAN 

1. A proposed schedule for submittals and implementation of all 
proposed activities. 

2. A description of the personnel involved in the project, 
including their qualifications to do the proposed work. 

B. SITE DESCRIPTION 

A description of facility operations shall include, but not be 
limited to, the following: 

1. A list of chemical products used on-site currently and 
historically. 

2. The estimated volume of waste disposed of on-site and/or 
discharged off-site. 

3. Time and volume of known spills. 

4. A description of past and present waste treatment/disposal 
practices and areas. 

5. The location of past and present raw material and finished 
product storage areas. 

6. The approximate time periods for past operational, treatment, 
storage, disposal, and/or discharge practices where hazardous 
substances were involved relative to this inves.tigation. 

C. SITE CHARACTERIZATION PLAN 

1. soils 

Objective: To identify releases of hazardous substances to soils 
and to assess the nature and extent of soil 
contamination. 

Scope: The plan shall address all areas which could potentially 
have received spills, leaks from tanks or piping, been 
used for waste treatment, storage, or disposal, or have 
been affected by contaminated surface water or storm 
water runoff, and all other areas where soil 
contamination is known or suspected, to the extent 
necessary for DEQ to select a remedy for the site. 

Procedures: The sampling program shall supplement previous soil 
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sampling at the facility. At a minimum, the plan shall 
include, but not be limited to, the following: 

a. The proposed location of soil borings including; 

i. Depth of borings 

ii. Sampling interval 

iii. Sample collection methods 

iv. Analytical parameters 

v. Method to determine backgro~nd concentrations for 
each parameter 

vi. Rationale for each of the above 

b. Provisions for describing soil boring samples, to 
include: 

i. The soil type according to the ASTM D 2487-85, 
Classification of Soils for Engineering Purposes, 
and 

ii. Soil color, structure, texture, mineral 
composition, moisture, and percent recovery 
according to ASTM D 2488-84« Description and 
Identification of Soils (Visual-Manual 
Procedures) 

iii. Other relevant characteristics such as visual 
identification of contamination, odor, and 
detection of vapors by use of field screening 
instruments such as HNU, ·OVA or other equivalent 
type equipment, and as described by a qualified 
geologist or geotechnical engineer. 

2. Groundwater 

Objective.: To identify releases of hazardous substances and 
characterize the lateral and vertical extent of these 

. releases to groundwater· 

Scope: The plan shall supplement previous investigations at the 
facility and shall identify releases of hazardous 
sUbstances to groundwater, and shall also characterize 
the vertical and lateral extent of groundwater 
contamination, both on-site and migrating off-site to 
the extent necessary for DEQ to select a remedy for the 
site. 

Procedures: The sampling program shall supplement previous 
groundwater sampling at the facility. At a minimum, the 
plan shall include, but not be limited to, the 
following: 

a. Well installation plan to include: 

i. Proposed well locations. 
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ii. Proposed well depths. 

iii. Length of proposed screened intervals. 

iv. Proposed drilling methods. 

v. Proposed construction materials and installation 
methods. 

vi. Proposed well development and completion methods. 

vii. Proposed sample collection methods 

viii. Proposed analytical parameters 

ix. Proposed method to determine 
concentrations of each parameter 

background 

x. Proposed schedule for sampling all monitoring 
wells 

b. Hydrologic characterization proposal to include: 

i. Provisions to collect and describe formation 
materials during drilling. . NWNG may consider 
obtaining continuous cores and using borehole 
geophysics to supplement coring. 

ii. A plan to characterize the hydrogeology including 
a description of: 

(a) stratigraphy 
(b) structural geology 
(c) depositional history 
(d) regional ground-water flow patterns 

iii. A plan to describe the hydrogeologic properties 
of affected hydrogeologic units found at the 
site, and additional units as necessary to 
complete the RIjFS, including: 

hydraulic conductivity 
porosity 
lithology 

(a) 
(b) 
(c) 
(d) hydraulic interconnections between 

saturated zones 

iv. Plans to identify the following for each affected 
aquifer, and additional aquifers as necessary to 
complete the RIjFS: 

(a) A description of ground-water flow 
direction. 

(b) Identification of vertical and horizontal 
gradient(s). 

(c) Interpretation of the flow system including 
the rate (horizontal and vertical) of 
groundwater flow, and including seasonal 
variations. 
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v. A plan to describe surface and subsurface 
features, characteristics, and interrelationships 
with a potential to influence groundwater flow 
patterns at the site, including: 

(a) Identification of pumping groundwater 
wells, past and present. 

(b) Influences of rivers, streams, and ditches. 
(c) Influences of ponds and lakes. 
(d) Identification of areas of 

recharge/discharge. 

c. A plan to conduct a well inventory to identify all 
active and inactive water wells within a one-mile radius 
of the facility, to include, as necessary: 

i. Identification of all wells listed with the 
Oregon Water Resources Department and field 
confirmation of their location 

ii. A door-to-door field survey to identify wells for 
Which no logs are on file 

iii. For all located wells, to the extent practicable, 
identify: 

(a) owner 
(b) Address 
(c) Map location 
(d) Driller 
(e) Date drilled 
(f) Depth 
(g) casing and screen material, depths and 

intervals 
(h) Seal types, depths and intervals 
(i) Static water levels 
(j) Approximate land surface elevation 
(k) Reported water quality and use of well 

iv. A plan to sample those private wells identified 
above which, . based on the available 
hydrogeological information, may be at greatest 
risk of contamination. 

3. Surface Water and Sediments 

Objective: The Work Plan shall include a plan to identify and 
evaluate releases of hazardous substances to surface 
water, including their sediments. 

Scope: The plan shall supplement previous investigations at the 
facility and shall identify all past, existing, and 
potential impacts to surface waters from the identified 
release to the extent necessary for DEQ to select a 
remedy for the site. 

Procedures: The sampling program shall supplement previous surface 
water and sediment sampling at the facility. At a 
minimum, the plan shall include but not be limited to, 
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the following: 

a. A delineation of past and present surface drainage 
patterns at the site. 

b. Proposed sampling points in past and current surface 
drainages. 

c. ProPQsed sample collection methodology. 

d. Proposed analytical parameters 

e. Proposed method for determining background values for 
all parameters. 

f. A rationale for each of the above. 

4. Air 

Objective: To identify and characterize the release of hazardous 
substances to the air from unregulated sources at the 
facility. 

Scope: The air assessment plan shall supplement previous 
investigations at the facility and shall be designed to 
determine if unregulated air emissions from the site 
threaten human health or the environment. 

Procedures: The sampling plan shall supplement prev ious air sampling 
at the facility. At a minimum, the plan shall include, 
but not be limited to, the following: 

.a. Proposed sample locations 

b. Proposed analytical parameters 

c. Proposed sample collection methods 

d. Methodology for determining background values for each 
parameter 

e. Rationale for each of the above 

D. SAMPLING AND ANALYSIS PLAN (SAP) 

Objective: To adequately document all sampling and analysis procedures. 

Scope: The SAP shall be sufficiently detailed to function as a· manual 
for field staff. In preparation of the SAP, the following 
guidance documents shall be utilized: Data Quality Objectives 
for Remedial Response Activities, EPA/540/G-87/004 (OSWER 
Directive 9355. 0-7B), March, 1987; Test Methods for Evaluating 
Solid Waste, SW-846; and A Compendium of Superfund Field 
Operations Methods, EPA/540/P-87/001 (OSWER Directive 9355.0-
14), December, 1987. The SAP shall address all topics listed 
in Policy #760.000, Quality Assurance policy. 

Procedures: The Work Plan shall include a SAP for all sampling activities. 
The SAP shall include, at a minimum: 
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1. Proposed analytical parameters and rationale. 

2. Description of sample collection methods, sampling equipment, 
and sample handling procedures. 

3. Quality assurance and quality control procedures for both 
field and lab procedures, including a data quality objectives 
plan. 

4. Chain of custody procedures. 

s. Analytical methods for each parameter. 

6. A methodology for determining background concentrations for 
all detected contaminants. 

7. A methodology for determining statistically significant 
increases in concentrations for the sampling parameters. 

E • HEALTH AND SAFETY PLAN (HASP) 

Th~ Health and Safety Plan sharl: 

1. Describe the known hazards and risks. 

2. Identifying levels of protective clothing and equipment to be 
worn. 

3. Describe decontamination procedures. 

4. Identify any special requirements or training needs. 

5. Provide a contingency plan for emergencies. 

An existing Health and Safety Plan can be included by reference, if it 
adequately includes the above items. 

F. ENDANGERMENT ASSESSMENT WORK PLAN 

The Endangerment Assessment portion of the Work Plan shall be developed 
based on the Risk Assessment Guidance for Superfund - Human Heal th 
Evaluation Manual Part A, United States Environmental Protection Agency, 
Interim Final, July 1989, (RAGS-HHEM); Risk Assessment Guidance for 
Superfund Volume II ~ Environmental Evaluation Manual (EEM), United states 
Environmental Protection Agency, Interim Final, March 1989; EPA Region 10, 
Supplemental .Risk Assessment Guidance for Superfund, United States 
Environmental Protection Agency, August 1991, (SRAGS); and, Human Health 
Evaluation Manual, Supplemental Guidance:"Standard Default Exposure 
Factors", United states Environmental Protection Agency, March 1991, (HHE
SG) . 

1. Human Health Evaluation 

Objective: The human health evaluation (HHE) is an analysis of the 
potential adverse health effects caused by hazardous 
substance release(s) from a site in the absence of any 
actions to control or mitigate these releases (i.e., 
under an assumption of no action). It is used to 
document the magnitude of the potential risk at a site 
and to evaluate the cause(s) of that risk. It is also 
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Scope: 

used to support risk management decisions, and to set 
remediation goals, if necessary. 

This section shall describe the different tasks involved 
in preparing the HHE portion of the endangerment 
assessment. A suggested outline for the human health 
evaluation is given in Exhibit 9-1 of the RAGS-HHEM. 
The Work Plan should use this outline as a framework for 
discussing the methodologies and assumptions to be used 
in assessing the potential human health risks at the 
site. 

The HHE shall include an estimate of the reasonable maximum exposure (RME) 
expected to occur under both current and future land use conditions. 
Guidance on quantifying the RME is given in Chapter 6 of the RAGS-HHEM, 
SRAGS, and HHE-SG. Quantifying the potential risks associated with the 
RME shall be the overall goal of the Endangerment Assessment. 

The Work Plan should include, but not be limited to the following: 

a. A conceptual ~ite model for the site. This model should 
be an iterative flow chart based on available site 
information showing contaminant sources, release 
mechanisms, transport routes and media, potential 
receptors, and other important information as 
appropriate. Iterations of this model shall be carried 
through the work plan and the endangerment assessment as 
additional information is generated. Exhibit 4-1 of the 
RAGS-HHEM presents an example of a conceptual site 
model. 

b. The exposure parameters for the RME based on both 
current and future land use scenarios. 

c. A list of all chemicals identified at the site (by 
media) . 

d. The analytical methods used during the site 
investigation, and the method detection limits that we're 
used for all analytes. In addition, an explanation of 
how non-detect values and qualified data will be used to 
estimate exposure point concentrations should be 
provided. 

e. The rationale for selecting chemicals that will be 
carried through the "HHE. 

f. A discussion of how the fate and transport of site
related chemicals will be evaluated. In addition, a 
description of the fate and transport model that will be 
used to estimate the potential infiltration (or 
contribution) of chemicals in soil to ground water 
should be included. 

g. A summary table of the chemicals found, and their 
respective critical toxicity values (reference doses -
RfDs), slope factors, and other relevant critical 
toxicity factors) and citations for these values; data 
on absorption factors that will be used (e.g., dermal 
absorption factors) should also be included. 
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h. The exposure points and exposure point concentrations to 
be used in the HHE (and/or how they will be estimated). 
A description of the model(s) that will be to estimate 
exposure point concentrations should be provided, if 
necessary. 

i. An explanation of how the uncertainty analysis will be 
conducted. 

2. Environmental Evaluation 

Objective: The environmental evaluation (EE) provides an assessment 
of the .potential threat to ecological populations, 
communities or ecosystems in the absence of any remedial 
action. It can provide a basis for determining whether 
or not remedial action is necessary, and can also be 
used to support risk management decisions. 

Scope: The EE and the HHE are parallel activities used in the 
evaluation of hazardous substance sites. Much of the 
data and analyses relating to the nature, fate, and 
transport of a.site's contaminants can be used for both 
evaluations. Available data (from the HHE or previous 
investigations) can be utilized, whenever appropriate, 
and additional· data should be generated whenever 
necessary in order to conduct the ecological assessment. 

The EE shall follow the organization presented in Chapter 6 of the EEM, as 
applicable. The Work Plan shall discuss the different tasks involved in 
evaluating whether or not the potential ecological impacts of the 
contaminants at a site warrant remedial action. 

The Work Plan should include, but not be limited to the following: 

a. A list of all chemicals identified at the site (by 
media). The HHE can be referenced, if appropriate. 

b. The rationale for selecting chemicals that will be 
carried through the EE. 

c. A description of the site and study area. A description 
of how the EE will account for the ecosystems and 
populations potentially exposed to chemicals at the site 
(e.g., a description of the habitat and lists of species 
either collected or observed), and how they will.be 
evaluated should be included. 

d. A discussion of how the fate and transport of site
related chemicals will be evaluated (through both 
physical and biological means). The HHE can be 
referenced, if and/or where appropriate. 

e. The exposure points and exposure point concentrations 
that will be used in the EE (and/or how they will be 
estimated). A discussion of actual or potential 
exposure pathways (and the media involved) should also 
be included. 

f. A description of how the potential environmental impacts 
or threats will be characterized. This should include 
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a description of the ecological endpoints that will be 
considered measurements of potential impact or 
probability of potential impact (e.g., Water Quality 
Criteria) . 

g. An explanation of how the uncertainty analysis will be 
conducted. 

G. FEASIBILITY STUDY WORK PLAN 

The Feasibility Study portion of the Work Plan shall be developed in 
accordance with OAR 340-122-080 and Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA, OSWER Directive 
93SS.3-01, 1988. The Feasibility Study shall develop an appropriate range 
of alternatives which meet the standards listed in OAR 340-122-040, and 
340-122-090. The Feasibility study shall be developed in parallel with 
Remedial Investigation activities. 

Objective: To present an outline of the Feasibility. study process and 
identify potential remedial alternatives in order to obtain 
sufficient analytica~ data during the RI. 

Scope: The purpose of the Feasibility Study is to develop and 
evaluate remedial alternatives for each contaminated medium, 
and recommend remedial actions to be taken at the facility 

Procedures: A Work Plan shall be submitted which will include, but not be 
limited to the.following: 

1. A description of any interim remediation activities which have 
been implemented to date and the relationship of the interim 
measures to the ultimate corrective action. 

2. The remedial action objectives. 

3. A discussion of how volumes or areas of media to which 
response actions may be applied will be identified. 

4. A discussion of how screening criteria will be developed to 
identify and select treatment technologies and process 
options. 

S. A description of how process options will be evaluated. 

6. The criteria 
alternatives. 

for and selection of remedial action 

7. 

H. MAPS 

A preliminary screening of remedial technologies 
alternatives based on available data. 

The Work Plan shall include maps of the facility which clearly show: 

1. Site topography and surface drainage. 

and 

2. On-site structures, including tanks, sumps, catch basins, 
utilities, and pipelines. 
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3. The location of past spills, disposal areas, and all other 
waste and product management areas. 

4. All pertinent structures adjacent to or nearby the site such 
as drainage ditches, pipelines, roadways, wells and utility 
corridors. 

s. The location of all existing and proposed surface soil sample 
points, soil borings, monitoring wells, surface drainage, 
sediment, surface water, and air sample points. 

6. The locations of hydrogeologic cross-sections. 

7. The drawing date, orientation, and scale. 

IV. REPORTS 

A. MONTHLY REPORTS: Monthly reports shall be submitted to DEQ by the 
10th day of the month following the reporting period. These reports 
shall include, but shall not be limited to, the following: 

B. 

1. Activities that occurred during the past month. 

2. Description of data re.sults collected during the past month. 

3. Description of any problems or difficulties experienced during 
the past month. 

4. Description of activities planned for the coming month. 

LETTER REPORTS: 
days following 
investigation. 
limited to, the 

Letter Reports are to be submitted to DEQ within 30 
the completion of each phase of the remedial 
These reports shall include, but shall not be 

following: 

1. Introduction. 

2. Summary of work completed to date. 

3. A presentation of all data collected during the investigation. 

4. Conclusions and recommendations. 

c. REMEDIAL INVESTIGATION REPORT: The results of the Remedial 
Investigation shall be submitted to the DEQ as draft and, final' 
report in accordance with the following format: 

1. Executive Summary 

2. Introduction 

a. Purpose 

b. Report Organization 

3. Site Background 

a. Site Description 

i. Location 
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ii.. Physical features such as building, 
utilities, wells, etc., include map 

roads, 

iii. Site History 

b. Facility Operations 

i. Past production processes, waste identification, 
location of hazardous materials handling and 
storage areas 

ii. Location, time, volume of releases of hazardous 
substances, include map 

iii. Past and present 
practices and areas 

c. Site Setting 

waste 

i. Regional land use and history 

ii. Geology 

iii. Hydrogeology 

iv. Surface water 

v. Climatology 

d. Previous Investigations 

treatment/disposal 

i. Summary of previous investigations 

ii. List of reports referenced 

4. Study Area Investigation 

a. Soil 

i. A map and description of the location of soil 
borings or surface samples including depth of 
borings, sampling interval, sampling methods, 
analytical parameters, analytical methods, as 
well as quality assurance and quality control 
procedures 

i1. Description of soil samples; all boring and 
lithologic logs 

iii.. A map showing the locations of hydrogeologic 
cross-sections 

iv. An evaluation and analysis of all data submitted; 
use tabular and graphic presentation; include 
discussion of data limitations 

b. Groundwater 

1. The well 
locations 

installation 
(provide map), 

plan including well 
well depth, length of 
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screened intervals, drilling methods, 
construction materials, and installation methods, 
well development and completion methods 

ii. All boring and lithologic logs; including well 
construction diagrams with surveyed location, 
elevation of top of casing, size and depth of 
well, screened interval 

iii. A characterization of the hydrogeology including 
a description of formation materials, the 
hydrogeology, and hydrogeologic properties of 
each pertinent aquifer 

iv. A description of the hydraulic influence from 
groundwater wells, and surface water bodies 

v. All areas of recharge/discharge 

vi. Results of the well inventory to identify all 
active and inactive water wells within a one
mile radius of the facility 

vii. Results and data analysis including data 
limitations; tabular and graphic presentations 

c. Surface Water and Sediments 

i. A map with all relevant surface water bodies 
within 2 miles of the site 

ii. A map wi.th past and present surface drainage 
patterns and the stormwater collection system 

iii. A map with all sample locations 

iv. Results and data analysis including data 
limitations; tabular and graphic presentations 

d. Air 

i. A wind rose and discussion of predominant wind 
direction 

ii. A map indicating all sample locations and 
elevations of sample points 

iii. Results and data analysis including data 
limitations; tabular and graphic presentations 

S. Summary and Conclusions 

a. A discussion of the nature and extent of contamination; 
discuss the data limitations 

b. A discussion of the fate and transport of the 
contaminants of concern 

c. Recommendations for further action 
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As part of the Remedial Investigation Report to DEQ, NWNG may 
incorporate existing data, reports or information, including data 
from any investigation activity conducted prior to the effective 
date of this Agreement, to the extent that such data is consistent 
with the procedures and quality assurance/quality control criteria 
approved by DEQ. 

C. ENDANGERMENT ASSESSMENT REPORT: The results of the Endangerment 
Assessment shall include the Human Health Evaluation and the 
Environmental Evaluation and shall follow the report formats 
described in the references cited in IV.F. of this Scope of Work. 
Any data limitations shall be noted in the report. If information 
is presented in sections of the RI Report, these may be referenced. 

D. FEASIBILITY STUDY REPORT: The results of the Feasibility Study 
shall be submitted to DEQ in a report which, at a minimum, includes 
a full evaluation of remedial action alternatives, giving a workable 
number of options which each appear to adequately address site 
problems and remedial action objectives. These alternatives shall 
include a no action option, at least one option which will achieve 
background, and at least ~ne option which will achieve protection of 
public health, safety, and welfare and the environment. The report 
shall present the followirig for each alternative: 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

9. 

10. 

Description of the remedial action aiternative, estimated 
cost, and rationale for selection. 

Performance expectation (i.e.,. reductions in contaminant 
concentration levels), reliability, and ability to implement. 

Design criteria and rationale. 

General operation and maintenance requirements. 

Monitoring program to assure both short-term and long-term 
performance of the alternative. 

Financial assurance mechanism to assure performance. 

Estimated time for implementation. 

·Evaluation of the short-term and long-term effectiveness and 
risks of the alternative. 

Recommendation and justification of the remedial action 
selected from the developed alternatives. 

A schedule for implementation of the proposed remedial action. 
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KOPPERS 
INDUSTR I ES 

April 13 , 2000 

NWNatural 
220 NW Second Avenue 
Portland, Oregon 97209 
Attn: Sandra Hart 

Manager: Risk, Environmental and Land 

RE: Investigation and Cleanup Studies Documents 
Gasco Facility 
7900 NW St. Helens Road 

Dear Sandra: 

Koppers Industries, Inc. 
436 Seventh·Avenue 

Pittsburgh, PA 15219-1800 

Telephone: (412) 227-2001 
Fax: (412) 227-2423 

As part of recent environmental reviews we have been conducting for all of our operating 
facilities, we reviewed a draft of a document entitled: Final Remedial Investigation / 
Feasibility Study Work Plan (Hahn and Associates, Inc., August 4, 1995), that was 
accessed through Beazer East, Inc. As a consequence of this review, we have two related 
concerns associated with NW Natural's reporting of environmental work in the area of 
our lease: 

1. The common use of "Koppers" as an acronym both for Koppers Company, 
Inc., now known as Beazer East, Inc., and Koppers Industries, Inc. 

2. Any inference or reference to Koppers Industries' lease property use and 
activities with regard to the need for cleanup work. 

With regard to item 1, for example, the report discusses in Section 3.0, "Site 
Description", a lease to "Koppers Company, Inc. (Koppers) jor creosote oil 
distribution. " . Then further states that U ••• leases with Koppers have recently been 
renegotiated" The date of this report and renegotiation of the lease, relative to the 
environmental issues being addressed through NW Natural's activities have nothing to do 
with Koppers Industries' activities upon the leased property. 

Further, reference and discussions of potential contamination throughout the report 
discuss "Koppers" property or processes without benefit of the understanding of the 
ownership transition. For example, Section 4.2, "Potential Contaminant Sources", 
indicates that "[TJhe process areas oj concern at the site are identified as: ... Light Oil 
PlantiKoppers Plant ... " 

With regard to item 2, for example, the report discusses in Section 4.6, "Estimated 
Nature and Extent oj Contamination", "[0 Jther areas where solid contaminants may be 
expected are in the ... and in the current area ojpencil pitch storage at Koppers". 
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Clearly this could be misinterpreted to include Koppers Industries within the scope of the 
investigation and cleanup work in the area. -

I believe these examples demonstrate our concern raised by the language within your 
consultant's report and request that NW Natural consider Koppers Industries' concerns 
with regard to all future reports. Providing a clear differentiation between Koppers 
Industries and Koppers Company with regard to the historic (pre-Koppers Industries) 
contamination should be reflected in all ofNW Natural's documents. 

It is Koppers Industries' belief that all of the environmental issues being addressed at and 
around our lease property represent Existing Environmental Liabilities, as that term is 
defined in our current lease with NW Natural: 

"Existing Environmental Liabilities" means the liability of Landlord, and Koppers 
Company, Inc. (now known as Beazer East, Inc. and the previous tenant under the 
Prior Lease) for certain environmental contamination of Landlord' s Plant 
Property, as established and allocated pursuant to an agreement between Landlord 
and Beazer East, Inc. 

Koppers Industries has dutifully maintained our obligations for repairs and maintenance, 
and undertaken environmental measures to ensure that environmental concerns have not 
and will not arise from our activities at the property. Based on Koppers Industries' 
environmental compliance and stewardship activities, NW Natural, nor any party 
involved with your assessment work, should have reason to believe that Koppers 
Industries has any obligation with regard to the historic environmental impairment ofthe 
property. 

Your attention to this matter is appreciated. Please do not hesitate to contact me should 
you take issue with any part of this correspondence, or otherwise wish to discuss this 
matter further. 

Sincerely, 

~'J~ 
Traci I. Self 
Environmental Manager 
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CC: 
Amos Kamerer-Portland 
Mark Cilley-Stickney 
Leslie Hyde 
Jim Dietz 
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FINAL 
REMEDIAL INVESTIGATIONlFEASmILITY STUDY 

WORK PLAN 

1.0 INTRODUCTION 

Northwest Natural Gas Company 
Gasco Facility 

7900 NW St. Helens Road 
Portland, Oregon 

August 4, 1995 

The Northwest Natural Gas Company (NWNG) has retained the environmental 

management firm of Hahn and Associates, Inc. (HAl) to perform a Remedial 

InvestigationlFeasibility Study(RIlFS) at the NWNG Gasca facility, 7900 NW St. Helens 

Road,Portland, Oregon (Figure 1). NWNG has also retained Decision Focus Incorporated 

("Decision Focus") to perform an Endangerment Assessment for the Gasca site. NWNG 

and the Oregon Department of Environmental Quality (DEQ) have entered into an 

Agreement for Remedial Investigation/Feasibility Study (DEQ No. ECVC-WMCVC

NWR-94-13) for the Gasco site. This Work Plan is intended to meet the Draft RI/ FS Work 

Plan requirement as outlined in the RIIFS Agreement. 

The RIIFS Work Plan presents a phased approach for the investigation of the Gasco site 

and is partially based on the Expedited Site Characterization (ESC) process l . The ESC is a 

flexible and iterative process that involves the development of a dynamic work plan that 

serves as a guide for investigation and can be modified as necessary. The ESC process 

recognizes that uncertainties are involved in the investigation and remediation of a site, 

and that there is a point in the investigation and design process where additional study 

only leads to marginal returns of value. The ESC process is performed by an 

interdisciplinary team that is involved in all phases of the site characterization. 

1 J. C. Burton et aI, Argonne National Laboratory, Expedited Site Characterization: A 
Rapid, Cost-Effective Process for Preremedial SUe Characterization, Proceedings of 
Superfund XIV: Conference and Exhibition (December 1993). 
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The RIfFS for the subject site will be performed in phases as three general projects as 

follows: 

• Phased Remedial Investigation 

• Endangerment Assessment 

• Feasibility Study 

A Remedial Investigation of soils, groundwater, surface water, sediments, and air at the 

subject site will be performed by HAl in at least two phases. An Endangerment 

Assessment that will assess the risks to human health and the environment at the site will 

be performed by Decision Focus. The Endangerment Assessment will be finalized based 

on the results of the Remedial Investigation. Based on the results of the Remedial 

Investigation and the Endangerment Assessment, a Feasibility Study will be prepared for 

the site that will evaluate the potential remedial action alternatives. 

This RIIFS Work Plan document is composed of a number of plans including: 

• Remedial Investigation (Site Characterization) Plan 

• Project Management Plan 

• Sampling and Analysis Plan (SAP) 

• Health and Safety Plan 

• Endangerment Assessment Work Plan 

• Feasibility Study Work Plan 

Elements of a Quality Assurance Project Plan (QAPP) are included in the SAP. Therefore 

a separate QAPP is not included in the RIIFS Work Plan. 

~~4 
Qf\~~ ~~ 
~)L( 
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• Perform an evaluation of the hydrogeologic conditions at the subject site, including 

determining site lithology, evaluating vertical and horizontal gradients, flow 

direction, rate of flow, and potential stratigraphic controls for contaminant 

migration beneath the site 

• Confirm the contaminants of concern at the site 

• Determine the media that have been affected by the contaminants of concern at the 

site, e.g. soil, surface water, groundwater, sediments, and/or air 

• Characterize the nature and extent of the contaminants of concern in the affected 

media at the site 

• Identify migration pathways for the contaminants of concern and determine the 

direction and rate of migration of the contaminants in the affected media 

• Perform an assessment of the risks to human health and/or the environment posed 

by the subject site 

• Obtain information that can be utilized in a feasibility study to select appropriate 

remedial action(s). 

An evaluation of the aforementioned objectives indicates that the proposed investigations 

at the site will be gathering data for four general purposes: 

• Hydrogeologic characterization 

• Contaminant characterization 

• Risk assessment 

• Remedial action selection. 
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For purposes of this RIlFS Work Plan, the NWNG Gasco site comprises approximately 47 

acres on the west bank of the Willamette River in the North Doane ~e area. The site is 

located in the Northwest Industrial Area of Portland which has been an industrial area for 

over 80 years. The Gasco site includes NWNG's established liquefied natural gas (LNG) 

facility and parcels leas to PacificN-- em . Company (PNO) for bulk fuel storage 

rl~nd distribution, and to oppers Company, Inc. ( ppers) for creosote oil dis~bution 
. ~~w (Figure 2). The LNG facil" 1 . comp:nent ofNWNG'operations. Due to permit 

~,Ji> -tY.' 11 Hmitations. this facm cannot be relocated. Leases with PNO and Koppers have recently 

~".,\ ,.I-p1J>een re-negotiate . 

~~(t. +"rhe GasC~lte was the former location of the Portland Gas and Coke Company oil 

~ £ . gasifi~~t1on facility from 1913 to 1956. The locations offormer structures and features 

'\ ~~ 0)' ); 1. 7 ated with the former gas manufacturing facility are shown on F;g"re 3. 

~ ~ I ~ ,/ The most detailed h;story. of the operations at the Gasco site that ;. available;' ;"eluded ill 

I "I <; c.Y{; . a report prepared by Camp Dresser & McKee Inc. ("Camp Dresser"), 19872, Excerpts from 
\J"eIJ ~ ~ 

~CIv}.(. the 1987 Camp Dresser report relating to the history of operations at the site are included in 

~~ .' / ppendix Discussions in this RIIFS Work Plan regarding potential source areas 

(Section 4.2) and contaminants of concern (Section 4.3) rely, in part, on the 1987 Camp 

Dresser report. The potential source areas and contaminants of concern at the site are 

summarized on Table 1. 

2 Camp Dresser & McKee Inc., North Doane's Lake Site Characterization Work Plan, 
(June 1987). 
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A detailed report on the hydrogeology of the Doane Lake area was prepared by Geraghty & 

Miller, Inc., 19913. A summary report prepared by Mr. Eric Blischke4 of the DEQ in April 

1994 contains a good synthesis of the investigative and regulatory history of the Gasco site 

and a summary of the hydrogeology of the area. A copy of the April 1994 DEQ report is 

include ir(APi~IX:!9 

4.0 PRELIMINARY CONCEPI'UAL MODEL OF SITE 

A preliminary conceptual model is presented here based on the investigations performed to 

date at the site and in the surrounding area. This model presents an interpretation of the 

most probable site comlitions as suggested by the available data. Phase I of the Remedial 

Investigation has been designed based on this preliminary conceptual model. The 

information gathered during the Phase I investigation will be utilized to modify or 

reconstruct the conceptual model if necessary. Subsequent investigations will be 

performed and the conceptual model modified in an iterative manner until the conceptual 

model is verified with a high degree of confidence and further uncertainties can be 

handled as reasonable deviations from the model. 

3Geraghty & Miller, Inc., Hydrogeological Investigation of the Doane Lake Area, 
Portland, Oregon, prepared for The Industrial Group Doane Lake Area (February 1991). 

4Blischke, Eric, Oregon Department of Environmental Quality, Northwest Natural Gas -
North Doane Lake, Interoffice Memorandum (April 20, 1994). 
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The preliminary conceptual model of the hydrogeology of the site is shown schematically 

on Figure 4. The geologic units of interest in the vicinity of the subject site can be 

subdivided as follows, from youngest to oldest: 

• Fill Unit 

• Alluvial Deposits 

Wi1lamette River Deposits 
Catastrophic Flood Deposits 

• Columbia River Basalt 

It is assumed that the bedrock beneath the subject site is composed of the Columhia River 

Basalt and that the Troutdale Formation is absent beneath the Gasco site. The basalt 

surface dips steeply to the northeast, with the top of the basalt lying at depths of less than 50 

feet below ground surface (bgs) along the southwest border of the site at NW St. Helens 

Road and ,at depths of greater than 150 feet bgs along the northeast border of the site at the . 
Willamette River. 

Overlying the basalt at the site are alluvial deposits composed of unconsolidated sands, 

silts, and clays ranging in thickness from approximately 50 to 150 feet. The alluvial 

deposits have been differentiated by Geraghty & Miller, 1991, into the Catastrophic Flood 

Deposits and Willamette River Deposits. Since these two units may be difficult to 

differentiate in places, the conceptual model groups the two units together and refers to 

them as undifferentiated Alluvial Deposits. The uppermost unit of the Alluvial Deposits at 

the site has been identified as a clayey silt by Camp Dresser, 1987. Determining the 

presence, continuity, and permeability (both to water and tar) of this Clayey Silt Unit will 

be of critical importance for the investigations at the site, since this unit may act as a 

barrier to downward migration of contaminants at the site. 

The Alluvial Deposits are overlain by a surface Fill Unit that may be up to 25 feet thick in -
places. Although most of the Fill Unit is likely composed of hydraulically-placed sands 
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and silty sands, areas of the site have been filled with various materials, including 

lampblack, spent oxide, tars, and quarry reject rock. 

Groundwater occurs in two principal hydraulic systems at the site including the 

unconfined Alluvial Aquifer in the Alluvial Deposits and semi-confined Basalt Aquifers 

in the Columbia River Basalts. The water table at the site likely occurs, at depths of 15 to 20 

feet bgs. Groundwater may also be locally found in the Fill Unit in areas where the depth of 

fill is below the water table. Groundwater flow direction is estimated to be towards the 

nor~h to northeast. Groundwater in the Alluvial Aquifer likely discharges directly to the .,/ 

Wi11amette River. Groundwater in the Basalt Aquifers likely discharges to the Alluvial 

Aquifer in places. It is anticipated that downward vertical hydraulic gradients will be 

present in the Alluvial Aquifer throughout most of the site, with possible reversals of ,

vertical gradient near the Willamette River. 

4 2 Potential Contaminant Sources 

The potential sources of contamination at the Gasco site are subdivided into two general 

areas: 1) process or operational areas and 2) by-product and residue placement areas. 

These potential source areas were identified from a review of the operational history of the 

site prepared by Camp Dresser, 1987 (Appendix A). The locations of the potential source 

areas at the site are shown On Figure 5. A summary of the identified source areas and the 

potential contaminants of concern in each area is presented on Table 1. 

The process areas of concern at the site are identified as: 

··Retort Area - fI.fs 66> 
". Tar Processing Area ~ t../ f{ tt) ev ) 
V· Light Oil PlantiKoppers Plant V 

·-Naphthalene Plant 

·-Coke Oven Area rt"s G-tts 
,I' . " v· Pitch Plantll'ar Loading AreaV' r l-l<) 0tiS . 

• Oxide Reactor Area 

• . PNO Tank Farm 
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The by-product and residue placement areas of concern at the site are identified as: 

• Lampblack Storage/Central Fill Area 

• Spent Oxide Storage Area ~ ~<Vv 

• Settling Ponds/South Fill Area tl {:..I) C~vS 
• Koppers Land Treatment Area 

4 3 Prediet,ed Contamjnants of Concern 

Based on the history of the operations at the Gasco site, and based on the experience of 

investigations at other manufactured gas facilities, the potential contaminants of concern 

at the subject site are: 

• Polynuclear aromatic hydrocarbons (PAHs) 

/,Volatile aromatic hydrocarbons, including benzene, toluene, ethylbenzene, and 

xylenes (BTEX) 

,~'Total petroleum hydrocarbons (TPH) 

• Phenols 

PAHs are present in the raw materials, by-products, and residues of the oil gasification 

process and also in Koppers' past and current processes at the site, including heavy oils, oil 

tars, lampblack, creosote, pitch, and coke. PAHs are also present in the fuels stored at the 

PNO facility including bunker and diesel fuels. PAHs are generally considered to be the 

primary contaminants of concern at manufactured gas sites, particularly the 

carcinogenic PAHs. PAHs have been detected at the Gasco site. 

Volatile aromatic hydrocarbons are present in the motor fuels and light oils that were 

produced at the Gasco facility and have been detected at the site. 
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Although total petroleum hydrocarbons (TPH) is listed as a contaminant of concern at the 

subject site, TPH is not expected to constitute a significant portion of the total risk at the 

site. TPH contains other compounds that are contaminants of concern, notably PAlls and 

BTEX. Therefore, TPH will be used as a screening parameter at the site to determine the 

1 

~ • 
t . 

presence of these other contaminants. W,J;;J ~'161 
Phenols are present ~':7.t~cation process. Phenol. have be,n ~~ 
detected at the Gasco sit . Q~ '. \nM. j,.I: A{ ~ ~ 

Lead, a common additive to motor fuels, has also been detected at the Gasco site. Other 
* .. 

metals, which may be expected at coal gasification sites, would not be expected at elevated 

concentrations at the subject site since the, process ~ed at Gasco was an oil gasificatio? .,/ ~'; ~ 

process. . ~ aJJ..-~)~ OU )"lQ.,u.. ..• t c.~ . V}JJ.j·Co.,. 
fA. ~ .7~_.l/fd P11/-ia '1/j CMJ /£A '1lfi. O~i!~~'V.: (~'j.~: .. :~ 

Cyanide may be present at the site due to the use of oxide reactors (for purifying the (~::~-~~~J;.-.-.. -. 
manufactured gas) and the storage of spent oxide materials at the site. However, the 

experience of investigations at other manufactured gas plants has shown that free cyanide 

is generally not present at levels of concern. Camp Dresser, 1987, suggests that the 

potential for high cyanide levels at the site appears small because the oil gas generally had 

a low nitrogen content and the feed rate of ammonia was low in a low temperature and low 

pressure process. 

Preliminary sampling of soil and groundwater at the Gasco site, appears to confirm that 

the contaminants of concern are limited to the aforementioned parameters. 

4 4 Additional Potential Contaminants 

For various reasons, additional chemicals may be potential contaminants at the Gasco 

site. These potential contaminants will be investigated in phases at the areas where they 

are most likely to be present. If the potential contaminants are not detected in the areas 

most likely to be impacted, then additional investigation for the potential contaminants 
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will not occur. However, if any of the potential contaminants are etecte then they will be 

elevated to known "contaminants of concem", and additional investigations will occur 

for these chemicals. The additional potential contaminants at the site include: 

• Hydrogen sulfide (H2S) 

• Ammonia (NHg) 

• Chlorinated pesticides and solvents 

• Metals 

The potential exists for hydrogen sulfide (H2S) to be present in spent oxiqe that did not fully 

oxidize. However, the presence of significant H2S levels in the soils at the site appears 

remote because the spent oxide piles were either removed from the site or were moved and 

mixed with other fill at the site. The loading, transporting, mixing, and filling process 

likely allowed for adequate liberation of any residual H2S. However, an evaluation for 

dissolved H2S in the groundwater will take place in areas where spent oxide was stored 

and/or used as fill. 

Ammonia (NHg) was utilized during the gas purifying process. An evaluation of the 

groundwater for NHg down-gradient of the oxide reactor area will take place to determine 

the presence of this potential contaminant. 

Although not used at the Gasco facility, chlorinated solvents and pesticides have been 

detected on the adjacent Wacker Siltronic Corporation ("Wacker") site and the nearby 

Rhone Poulenc Ag Company site. Since these chlorinated compounds can affect the 

mobility of other contaminants and would impact the selection of a remedial action, an 

evaluation will be-performed for the presence of chlorinated pesticides and solvents at 

locations that would most likely detect these compounds if they are migrating onto the site 

in the groundwater. Given current knowledge of where these chlorinated compounds were 

detected on the nearby sites and the groundwater flow direction, testing for chlorinated 

pesticides and solvents in the groundwater will take place on the southeast portion of the 

Gasco site. If during the Phase I investigation, it is found that groundwater flow direction 

is different than expected, then additional areas of the Gasco site may be evaluated for the 

chlorinated compounds. 
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Naturally-occurring metals in the soils can be mobilized in groundwater due to changes 

in groundwater chemistry resulting from subsurface contamination by organic 

compounds. An evaluation of groundwater will take place at the Gasco site to determine 

the presence of elevated levels of Priority Pollutant metals. The selection of the 

monitoring wells where sampling for Priority Pollutant metals will take place will occur 

after the results of the sampling for organic contaminants has been received. Only those 

wells where significant groundwater contamination was detected will be sampled for 

Priority Pollutant metals, as this should represent a worst-case situation for the presence of 

mobilized metals. 

4 5 Potentially Affected Media 

The various media that may be affected by the contaminants of concern at the subject site 

include: 

• Surface and Subsurface Soil 

• Groundwater 

• Surface Water 

• Sediments 

• Air 

Both surface or subsurface soil in the vicinity of any of the identified source areas could 

potentially be impacted by the contaminants of concern. PAHs were previously detected in 

surface soil samples collected in the vicinity of the former Naphthalene Plant, Coke Oven 

Area, and Koppers Land Treatment Area. 
~1 

Groundwater may contain constituents of the source areas where free product or soil ~ ~ 
contamination has reached the depth of the water table. Due to the hydrogeology of the area, ~ 

it is postulated that the groundwater only in the Fill Unit and upper Alluvial Deposits may ~ CJ<i1~ 

be impacted at the site. P AHs, phenols, and lead have been detected in the shallow ----'1--. 
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groundwater at monitoring wells located at the Koppers facility. BTEX compounds are 

also suspected to be present in the groundwater in this area. 

The surface water bodies that may potentially contain contaminants at the site include, the 

settling ponds and drainage ditch located on the southeastern portion of the site, and the 

Willamette River. 

Process water may have flowed to the Willamette River in the early years of operation 

possibly depositing tar and lampblack in the river sediments. Some sediments deposited 

prior to 1936 were likely covered by subsequent filling along the shoreline. The potential 

for contamination of these pre-1936 sediments will be evaluated as part of the soil 

investigation at the site. Sediments along the current-day shoreline may also contain 

contaminant:; from groundwater or free-phase contaminant& that may have or may be 

migrating into the river from the site. Due to the industrial nature of up-stream properties 

on the Willamette River, it is likely that contaminants from up-stream sources will also be 

present in the sediments adjacent to the Gasco site. 

Air may be periodically impacted if dust is stirred up from surface soils that contain 

contaminants. The dust could be naturally wind blown or stirred up by vehicular traffic or 

other activities. Non-volatile contaminant can become airborne as particles or adhered to 

soil dust particles. It is also possible that air may be impacted by the volatilization of 

volatile contaminants from contaminated soils or surface water. 

4 6 Estimated Nature and Extent of Contamination 

A preliminary conceptual model of the nature and extent of the contaminants of concern at 

the subject site will be discussed in this section. The nature of the various types of potenti8I 

contamination that may be present at the site can be predicted with some certainty given a 

knowledge of the operations at the site. The extent of the potential contaminants can be 

estimated given a general knowledge of the hydrogeology of the site. However, it has not 

been confirmed that the expected contaminants are actually present at all or many of the 
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areas of the site. The conceptual model of the nature and extent of contamination at the site 

was used to help design the Phase I Remedial Investigation. The model will be revised and 

refined based on the results of the Phase I investigation . 

.,rJ The contaminants at the site wi111ikely occur in a number of states including: 

/\ ~V:_~~LV • Solid - spent oxide, lampblack, naphthalene, coke, and pitch, and as airborne 
y .\> . particulates 

• Semi-solid - tar, creosote, and pitch ~~t'Y 
o-~). \ /" 

1/ 
• Liquid - tar, creosote, light oil, and petroleum fuels 

• Dissolved - BTEX, P AHs, phenols, cyanide, and Pb 

• Vapor - BTEX 

The solid and semi-solid contaminants will be found primarily as fill material in the by

product and residue placement areas such as the former Settling Ponds, Lampblack 

Storage/Fill Area, and the Spent Oxide Storage Area. Other areas where solid 

contaminants may be expected are in the former Coke Oven, Pitch Plant, and Naphthalene 
.... _-----------

Plant areas, ~_d-in~edcu:r~n~._~::~,~ ~encil pitch storage at Ko~. Once in place, the 

solid and semi-solid contaminants are c~Ii"Sfdered to be relatively immobile. However, 

percolating surface waters may pass through the. solid and semi-solid material and leach 

dissolved contaminants to thei!SeT Ie. This would primarily be a concern with tars 
_ [ ('h-C.·n 
and pitch where P AHsrcould p sSlbly be eached to groundwater. If stirred up, some of the 

solid contaminants could pose a risk as airborne particulate material, such as lampblack, 

coke dust, or pencil pitch dust. 

Liquid contaminants in the subsurface will occur either -as free-phase liquids or as 

residual1iquids adsorbed onto the soils. Free-phase liquids are mobile in subsurface soils 

whereas residual liquids are immobile in soils. -Contaminants in free-phase liquid form 

will occur in the subsurface either as light non-aqueous phase liquids (LNAPLs) or dense 

non-aqueous phase liquids (DNAPLs). Given the general sandy nature of the Fill Unit at 

'the site, it is suspected that non-aqueous phase liquids (NAPLs), if present, would have 

migrated to the water table unimpeded. 
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LNAPLs, being lighter than water, will collect and pond on top of the water table and then 

migrate in the direction .of groundwater flow. Possible LNAPLs at the site include light 

oils, motor fuels, and other petroleum products. LNAPLs may be present in the vicinity of . 

and down-gradient of the Light Oil Plant and the PNO Tank Farm. 

DNAPLs, being heavier than water, will tend to sink in the subsurface until some strata of 

low permeability is encountered that will slow or halt their downward migration. Possible 

DNAPLs at the site would include tar and creosote. Due to the viscous nature of tars and 

creosote, they are expected to be relatively immobile and would be found relatively close to 

their source areas. DNAPLs may be present in the vicinity of the former Retort Area, Tar 

~
/proceSSing Area, Pitch Plant, Coke Oven Area, and the former Settling Ponds, all of which 

were associated with the manufactured gas plant. In addition, DNAPLs may be present in 

the vicinity of the Koppers Plant. The greatest potential for the presence of DNAPL tars is 

in the vicinity of the former Settling Ponds where large volumes of tar were known to be 

discharged. The conceptual model assumes that due to the viscous nature of tars and 

creosote, the Silty Clay Unit will act as a barrier for further downward migration of any 

DNAPLs at the site. 

Residual liquid contamination, generally referred to as soil contamination, may be 

present in any of the source areas where liquids could have leaked, spilled, or have been 

discharged to the soils at the site. Soil contaminated with residual liquids may be present 

in the following areas at the subject site: Retort Area, Tar Processing Area, Light Oil 

Plant, Naphthalene Plant, Coke Oven Area, Settling Pond Area, Koppers Land Treatment 

Area, and the PNO Tank Farm. The vertical extent of soil contamination at the site is 

generally expected to occur in the unsaturated zone, in the zone of water table fluctuation 

where LNAPLs have been present, and possibly below the water table if DNAPLs have been 

present. The lateral extent of soil contamination will be dependent on the size of the 

releases from the source area and the lateral extent of LNAPL or DNAPL migration. The 

areas with the greatest extent of soil contamination at the site are expected to be the Light Oil 

Plant and Settling Pond areas. 
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Contaminants in dissolved form may be present in either surfaCe w~r or ~o-:u.ndwaier. 
Waters percolating through contaminated soils or fill can leach conta~jnants to the water 

- ~-> 

table to create a dissolved plume in the groundwater. If present, LNAPLs or DNAPLs are 
. '. .... -
. . . . . .: . 

/ 

generally a source of dissolved contaminants in the groundwater. A dissolved plume will 

migrate with the groundwater in the direction of the hydraulic gradient. It appears the 

~ ultimate fate of any dissolved plumes at the subject site is ~charRe to the Willamette 

....,\~ ~ River. PARs have been detected in water samples collected from pits excavated near the 

yJ.Y / river's edge •. D~solved plumes could be pre,0$8nt in various source areas-at. the site, but, 

X. Koppers Land~atment Area, Retort Area, andthe PNO ~ank Fanru . The contaminants 

of concern that can be expected to be present in dissolved form at the site are P AHs . 

~V oJ' .' including naphthalene" BTEX, phenols, cyanide, and lead. .', ,; .' " 

~~. ~ Iv ha . be'" ubs--~ 'ls t tur' ' ~liti' '. 
'\ u J.Y' 1 apor p se contaminants may present In S u,nace SOl ,S ruc es, or Ulol es In 

rf areas where soils are contaminated with volatile compounds, such as the volatile· 

~ , aromatics (BTEX). Vapor plumes may be present at the, subject site in the vicinity of and 

~I\~ down-gradient of the Light Oil Plant. Although vapon may escape from contaminated ,X'0ilB and~.'" ~to the air, this route of migration;' likely not ,.;gmficant at the 

~ ~ubj'" site. ~ . 

» 4.1 Poteptiallllimtion· PaIhJUID .. 

Three migration pathways for the contaminants at the site are estimated to be of . Ie 

Significan~.th~groundwater pathway, the surface water pathway, and air pa~ .'J A liP 

tflv'~' 
4/L: 

4.7.1 Groundwater Pathway 

The groundwater pathway may allow dissolved and free phase contaminants to migrate in 

the aquifer in a down-gradient direction. The groundwater pathway is not of direct 

concern since drinking water wells are not present in the aquifers of interest. In addition, 
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it is exceedingly unlikely that water wells will be installed in the future at the site (~ 

NWNG memorandum,in Appendix C). However, the groundwater pathway is illdir8ctIy 

of concern since the ultimate destination of the contaminants migrating iil the , 
groundwater is the Willamette River where sediments and river water can be affected. 

4.7.2 Surface Water Pathway 

Two surface water features are present at the' sitetbat may 'contain the' cOntaminants of 

concern, including the drainageditcb and the two on-sitesett1ina'ponds~' In addition, the 

site is bounded to the northeast bya major 'surface Water featUre; the Willamette River. 

The on-site drainage ditch carries NPDES-permitted non-contaet cooling water from the 

NWNG LNG Plant operations and storm water from the property. These waters are 

discharged to the Willamette River. Treated water from the LNG containment basin is 

discharged separately to the Wmamette River undera temporary 1500.1 permit with the 

DEQ. The drainage ditch is unlined and may pass'through zones' of contaminated soil, 

possibly picking up COD_.a10~.i" pa~ ~I •. 

The two ponds at the site formerly acted as..b61'diDg .po~ for water pumped from the LNG 

containment basin. In addition, the on-~ ponds formerly discharged to the drainage 

ditch, although they are curren~~th no outlet. The ponds are seasonal features 

and generally dry up in the summer months. The ponds are situated in the former tar 

Settling Pond Area and thus may be impacted by the presence of tars in their vicinity. 

The WiDamette River presents the most significant potential-surfac&:water pathway for 

off-site migration of contaminants. The Willamette River may possibly receive 

contaminants from groundwater discharge, drainage ditch discharge, and from disturbed 

sediments that may be C9ntaminated. 
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Non-volatile contaminants, such as metals and PAlls, may be present in the air at the site 

in the form of particulates or adsorbed onto soil dust particles. This air pathway may be the 

result of natural wind-borne dust or dust stirred up by vehicular traffic or other activities. 

Volatile contaminants may be present in the air at the site by volatilization from 

contaminated soils and surface water. 
.If 

4 8 Potential Human Health and Eiwjronmental Risks 

Human health and environmental risks depend on 1) the prese~ce of con~inated 

groundwater, soil, air, or other media, and 2) the pathways available for human or 

environmental exposure. Based on preliminary information, there appears to be some 

contamination of'soil and groundwater at the subject site. However, there is limited access 

to or contact with contaminated soil or groundwater. In addition, groUndwater is not used 

as a drinking water source down-gradient of this area. The level of contamination of 

Willamette River sediments along the site is unknown. The conceptual model of human 

health risks assumes few human contacts with river sediments, so the exposure pathway 

again appears to limit potential health risks. Environmental risk related to sediment 

contamination ~aY..need to be investigated based on the resuits of the proposed sediment 

sampling activities. 

Since surface water runoff' and groundwater both discharge to the Willamette River, the 

river water is a potential source of exposure. An important issue in river water contact is 

the degree of dilution that occurs at the point of possible human or environmental contact. v 
Discharges from the site are likely to be several orders of magnitude lower than river 

flows, so dilution will be significant. Therefore, the conceptual model of human health 

and environmental risks at the site suggests that human health and environmental 

impacts would be very low. lA..~ rA-
;---
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The primary goals 'of the Remedial Investigatio~ :~~ to define the hydro~ology of the site, 

identify the nat~e and extent of the contaminants at the site;' ilnci 'gathero~er information 
.. "- ',''' _:y' ,r-~! " .:-. "J ' . ' '. " 

that will be useful for completing the Endangerment Assessment and Feasibility Study. 

Therefore, the Remedial Investigation will involve collecting data for four primary 

purposes: characterization of hydrogeology, characterization of contaminants, 

performance of a risk assessment, and evaluation of remedial action' alternatives. The 

data will be used to refine and modify the hydrogeQlogical and contaminant distribution 

conceptual models of the site (Section 4.0). 

, The Remedial Investigation will likely be perl-ormed in at least two phases. The Phase I 

investigation ~ll gather the 'basic information ~ecessa:ry to generally define the 

hydrogeology ~f the site and to confirm the ~resen~eof co~tamination in the identified 

potential source areas of the site. Although defiruti~n of the extent of contamination will be 
, , - , 

attempted during, Phase I, full definition of the ide~tified contamination will1ikely be 

performed'during Phase II. The Phase II investigation will primarily involve filling data 

gaps that were idenufi~d in Phase I. If nec~ssary, a third phase of remedial mvestjption 

willbe ~rfo~ed at ihe'~te. This Work Plan primarily pre~ts tll~ propoeed Phase.I 

activities. If a Phase II investigation becomes necessary for the site, then' an addendum to 

this Work Plan w.ill be presented to DEQ detailing the Phase II activities. 
, ,1. :_, '" ,- .,'. ' , , ' -,' : '" , ' , .. , 

" "':""'.' 

l. 

", ~.; .. ", 
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The objectives of the Phase'I Remedial Investigation include: 

• Determine the hydrogeologic framework of the sitec ". -

• Confirm the contaminants· of concern· 

Page 19 of 74 
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• Determine if soil and groundwater have beeiiimpacted in potential·source areas 

.' Attempt to define extent of soil and groundwater impacts' 

. • Determine impacts to surface water ~ .:. 

• Determine if sediments have been impactecf~ ~. '-~ : r:: ~. 

• Perform preliminary air monitoring or modeling 

The objectives of the Phase II Remedial Investigation include:" . 

, tJ/-tJ.--
• Derme extent of soil and groundwater impacts not defined in Phase I c,iJ..v 

66Y' 
",,=, 

• Perform additional sediment- sampling, if necessary , 

• Perform additional air monitoring, if necessary. 

• Fill other data gaps identified in Phase 1 

The following subsections summarize the selected analytical parameters and the various 

investigations to be performed at the Gasco site subdivided by the potentially affected 

media, including soils, groundwater, surface water, sediment, and air. 

I ••• 

5 2 Analytical Parameters 

The analytical parameters selected for the Remedial Investigation are divided into three 

main categories, including primary parameters, secondary parameters, and Feasibility 

Study parameters. A summary of the selected analytical pu.ameters is included in Table 2. 

The primary analytical parameters were selected based on the predicted contaminants of 

concern (see Section 4.3), and are expected to be somewhat widespread at the site ... The 

primary analytical parameters include PAlls, BTEX, TPH, phenols, leacit and cyanide. 

Analyses for PARs and TPH will generally be performed on most soil and water samples 
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from the site. An81yses for BTEX, phenols, lead, and cyanide will be performed on 

samples from selected potential source areas at the site. 
...... -, 

J!-

The secondary analytical pa.rame~ra-were selected based on other. potential contaminants 

that may be present at the site (see Section 4.4). The secondUf. aIlalytical parameters 

include H2S. ammonia •• chlorinated, pesticides- and solvents. and ~oritY. Pollutant 

metals. Although not anticiPAted. to be present «:>r present;~~Jevels,ofc~cem ~~the Gasco 

site, analyses for the secondary parameters will; be Ilerformed on groundwater samples 

from selected areas at the site to confirm this suppositio~ .. 

/' - ",'-, -'1; 

/ The Feasibility Study analytical parameters were selected for an evaluation of their 

potential impact on various remedial options and treatment technologies. The Feasibility 

Study parameters include alkalinity, hardness, iron, manganese, nitrate, nitrite, 

orthophosphate, and total Organic carbon (TOC); Analyses for theSe parameters will be 

performed on groundwater samples from selected-monitoring wells at the site. 

Temperature, conductivity, and pH will be measured in the field for all the groundwater 

samples. In addition, analyses for British Thermal Unit (BTU)'content will be performed 

on selected tar samples. 

Selected soil samples win also- be analyzed for various geotechnical parameters; 

including grain sizedistnbution, plasticity, and moisture content.- These parameters will 

be used to confirm field estimates of soil type and to evaluate the optimum slot size and 

sand pack for any future monitoring or recovery wells at the site. 

5,3 SOil Inyestigation 

The overall objectives of the soil investigation are to identifY releases of hazardous 

substances to the soils, to characterize the extent of the identified releases, and to 

characterize the hydrogeology of the site. Another Key objective- of the soil investigation is 

to determine the -contfuuit;yand extent or the Silty Clay Unit-and to determine the unit's 

capability to act as a -barrier- to vertical JIligHtion or contamjDants~ - The soil investigation 
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will be performed in phases. The Phase I investigation is designed to confirm the presence 

of releases in the identified potential source areas of the site and to generally define the 

geology of the site. The Phase II investigation will primarily involve defining the extent 

of releases that were identified in Phase I and filling in other data gaps. 

During Phase I, the soils at the subject site will be investigated both by direct sampling and 

indirect geophysical methods. The surface and subsurface soils will be directly sampled 

for lithologic description and analytical testing by means of soil borings and/or test pits. 

Soil samples will be collected from all the identified potential source areas at the site to 

confirm the presence of the contaminants of concern in each of these areas. The 

subsurface soils will also be investigated indirectly by geophysical means in attempt to 

identify fiU zones, tar zones, contaminant plumes, and lithologic changes. Aerial 

photographs and other maps will be used to confirm and delineate past fill areas at the site. 

5.3.1 Soil Sampling Activities 

Soil samples win be gathered from 35 soil borings and 12 monitoring well borings to be 

installed at the site. The proposed locations of the soil borings are shown on Figure 6. A 

summary of the soil sampling and analytical plan is presented on Table 3. 

All of the soil borings will be installed into the Fill Unit and Silty Clay Unit to depths of 

approximately 20 to 25 feet bgs. The soil borings are proposed to be installed to this depth 

since it is not anticipated that soil contamination will extend below these soil units. 

However, if soil contamination is encountered, the borings will be advanced until 

contamination is no longer evident by field screening techniques. If free product tars or 

DNAPLs are suspected, then drilling will not extend through any significant confining 

unit to prevent further downward migration of free product. Six of the monitoring well 

borings will be advanced into the Alluvial Deposits to depths of approximately 50 feet bgs to 

evaluate the deeper soils below the water table. 
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The soil borings will be installed with a hollow-stem auger drilling rig. Upon completion, 

the soil borings will be abandoned by filling with 318-inch bentonite chips as the augers are 

withdrawn. Above the water table, the bentonite chips will be hydrated in two-foot lifts. The 

soil borings will be abandoned in accordance with the Rules for Construction and 

Maintenance of Monitoring Wells and Other Holes in Oregon (OAR 690-240-130 to 135) 

and the ODEQ guidance document Groundwater Monitoring Well Drilling, Construction, 

and Decommissioning Guidelines dated August 24, 1992. 

If auger refusal occurs at any of the boring locations, then test pits may be excavated to 

evaluate the shallow soils in those areas. If the installation of test pits becomes necessary 

at the site, then an addendum to this Work Plan will be presented to DEQ that will outline 

the installation procedures and sampling methodologies. 

In approximately one-half of the soil borings, soil samples will be collected with a split

spoon sampling device at 2.5 foot intervals. The split-spoon sampling will allow for the 

collection of undisturbed soil samples and Standard Penetration Test (SPT) data. In the 

other soil borings, the subsurface soils will be sampled on a continuous basis with a 5-foot 

long split-barrel continuous coring device. This type of sampling will allow for the 

observation of soil lithology on a continuous basis and the collection of soil samples at 

desired locations for analytical purposes. 

A minimum number of soil borings (four) have been located in the Former Settling Pond 

area, because this is an area of know tar accumulation. An attempt will be made to define 

the extent of the tars by geophysical means, utilizing the soil borings to confirm the 

geophysical results. Drilling and sampling in known thick tar zones is not desired 

because the decontamination of equipment is extremely difficult and subsurface cross

contamination is possible. In order to minimize the potential for cross-contamination, all 

borings within the known tar zones will be drilled by a "step down" method where casing is 

utilized to seal off the tar zone and drilling is continued through the casing. 

In areas where tar zones are suspected, such as in the vicinity of the Former Settling Ponds, 

a "step down" drilling method will be used to drill through the tar zones. Once sampling 
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has indicated that the base 9fthe tar zone has been reached, then lO-inch diameter steel 

surface casing will be installed through the augers in the borehole. A cement-bentonite 

grout win be installed as a seal in the annular space as the augers are withdrawn. The 

grout-slurry mixture will be allowed to set-up, at which point 4 1I4-inch ID augers will be 

used to drill out through the surface casing into the undisturbed soils. The small-diameter 

augers will be used to drill to the proposed depth of the borings (20 feet bgs). Upon reaching 

total depth, the borehole will beimmediately sealed with a cement-bentonite grout as the 

augers and surface casing are pulled from the hole. 

A surface soil sample will be collected at each of the boring locations primarily for 

purposes of assessing exposure risks at the site. A minimum of 25 surface soil samples 

will be selected for laboratory analyses. Additional surface soil samples may be collected 

for the Endangerment Assessment after evaluating the results of the Phase I soil 

investigation. 

5.3.2 Selection of SoU Samples for Laboratory Analysis 

Subsurface soil samples will be selected for laboratory analyses based on field screening 

indicators (visual, odor, sheen, and headspace vapor methods). A minimum of two 

_ subsurface soil samples will be selected for analysis from soil borings where field 

screening indicates possible soil contamination. Samples will be selected for analysis to 

characterize the contaminated zones, both above and below the water table, and to bracket 

those contaminated zones to define their vertical extent. 

A minitpum of one subsurface soil sample win be selected for analysis from soil borings 

where field screening does not indicate the presence of soil contamination. If soil 

contamination is not indicated by field screening, then a soil sample will be selected in 

that boring from the zone of water table fluctuation. In addition, soil samples win be 

selected from the base of any soil unit that lies on top of a significant confining layer below 

the water table to evaluate for DNAPLs. 
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The analytical parameters that are selected for any given soil sample will depend on the 

location of the soil sample with respect to a potential source area as summarized on Table 3 

and described in Section 7.6.1. In summary, analyses for cyanide will be performed on 

an selected samples from potential cyanide source areas. TPH analyses will be 

performed on all selected samples from an areas at the site, and will be used as a screen for 

determining analyses for other parameters. If TPH is detected in any given soil sample, 

then additional analyses for PAHs, BTEX, phenols, and lead will also be perfomled on that 

sample, depending on the location at the site. 

5.3.3 Determination of Background Soil Concentrations 

If necessary, background soil concentrations will be determined during the Remedial 

Investigation in accordance with the DEQ Soil Cleanup Manual, Appendix C, Guidelines 

for Determining Background Concentrations, dated April 1994. As stated in the guidance 

document, background samples only need to be collected for naturally-occurring 
~ 

materials. 

Lead, being naturally-occurring, will be evaluated at the Light Oil Plant area during the 

Phase I investigation since lead was 'only known to be used as an addi~ve to the motor fuels 

at the site. A full evaluation of background lead concentrations will only be performed 

during the Phase II investigation if the lead levels detected during the Phase I 

investigation are found to exceed the appropriate reference concentrations in the Soil 

Cleanup Table [Oregon Administrative Rules (OAR) 340-122-045]. If this evaluation 

becomes necessary, then the methodology for determining background lead 

concentrations will be presented in the Phase II Work Plan Addendum. 
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Following the installation of the soil borings at the site, the subsw:£ace soils will also be 

investigated by surface and subsurface geophysical techniques in attempt to identify and 

map fill zones, tar zones, contaminant plumes, and lithologic changes. These methods 

allow for fast non-destructive measurements of parameters in the field with continuous 

...... ~ 

data-acquisition. Two surface geophysical techniques will be applied that appear most 1 
usef.J.I for determining geological conditions and locating contaminant plumes, ~ , 
including ground penetrating radar (GPR) and the electromagnetic (EM) method. The . 

subsurface geophysical method to be utilized at the site is· natural-gamma logging to detail 

changes in lithology in the deep monitoring wells at the site. 

• Surface Geophysical Survey 

A preliminary survey with the GPR and EM me~ods will be performed in the vicinity of 

the former Settling Ponds to confirm that the geophysical methods will yield useful 

profiles. Ifit appears that the GPR and EM methods will yield useful data, then either one 

or both of the methods will be applied in a full survey at the site. The full survey will be 

performed in the southeast part of the site where the major fill areas are located (see 

Figure 6). The survey will be performed on a 20-foot grid in the southeast area where 

possible. The geophysical survey wiltbe tied into soil boring locations to confirm the 

lithologic and contaminant interpretations. 

• Geophysical Borehole Logging 

Natural-gamma logging of the soils in the six 50-foot monitoring wells will be performed 

during the Phase I investigation. Natural-gamma logs are continuous records of the 

amount of gamma radiation which is emitted from the subsurface soils. This method is 

very useful in determining li~ologic and geologic changes in the subsurface and may be 

useful for determining stratigraphic correlations aCrOSS the site. 
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The objective of the groundwater investigation is to identify releases of hazardous 

substances to groundwater, to characterize the extent of the identified releases, and to 

characterize the hydrogeology of the site. The groundwater investigation will be·· 

performed in phases. The Phase I investigation is designed to generally define the 

hydrogeology of the site, to confirm the presence of releases in the identified potential 

source areas of the site, and to setup a basic monitoring network at the site. The Phase II 

investigation will primarily involve defining the extent of releases that were identified in 

Phase I and filling in other data gaps. 

The Phase I groundwater investigation will include: 1) sampling of the groundwater from 

temporary well points, 2) the installation of groundwater monitoring wells, 3) water level 

monitoring, 4) quarterly groundwater monitoring, and 5) aquifer testing. The Phase II 

groundwater investigation, if necessary, will be presented to DEQ as an addendum to this 

Work Plan. 

5.4.1 Temporary Well Points 

In order to optimize the number of monitoring wells necessary at the site, other 

groundwater investigation techniques will be employed, including sampling the 

groundwater from temporary well points in soil borings or through the use of a probe unit. 

These methods can gather a large amount of groundwater contaminant data in a cost 

effective manner that can be used to better place additional permanent monitoring wells, if 

necessary. Vertical profiling of contaminant concentrations in the aquifer can also be 

performed by these methods. 

During the Phase I investigation, the uppermost groundwater will be sampled from 

temporary well points set in 14 of the soil borings that are proposed for the soil investigation 
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at the site. The proposed lo.cations of the 14 temporary well points are shown on Figure 7. A 

summary of the proposed temporary well point locations, depths, and analytical 

parameters is included on Table 4. 

All temporary well point installation work will be performed by an Oregon-bonded and 

licensed monitoring well constructor. The temporary well points will be installed in 

accordance with the Oregon Groundwater Law (Oregon Revised Statute (ORS) Chapter 537) 

and the Rules for Construction and Maintenance of Monitoring Wells and Other Holes in 

Oregon (OAR Chapter 690, Division 240). The temporary well points will also be installed 

and abandoned. according to the ODEQ guidance document Groundwater Monitoring Well 

Drilling, Construction, and Decommissioning Guidelines dated August 24, 1992. 

If additional groundwater investigation becomes necessary during Phase II to -define the 

lateral and vertical extent of contamination at the site, then a soil probe unit will likely be 

used to gather the additional data. 

The temporary well points will be installed to a depth of 20 feet bgs in the 14 selected soil 

borings. If necessary, the soil borings will be advanced deeper so that they are 

approximately 10 feet below the water table. The well points will be composed of 2-inch 

diameter steel tubing and a 5-foot long stainless-steel screen that are decontaminated by 

steam cleaning prior to use. Once the desired water sampling depth is reached, the well 

point will be placed inside the augers and the augers will be pulled up approximately 5 feet 

as a temporary sand pack is placed in the annulus. The well point will then be purged. of at 

least one borehole volume of water (approximately 28 gallons for an 8 lI4-inch hole), or 

until the casing is entirely evacuated, whichever occurs first. Following the purging, the 

water sample will be collected according to the methodology described in Section 7.2.3. 

Once the groundwater sample is collected, the well point will be pulled out of the hole and 

the sand pack will be drilled out. The borehole will then be abandoned by filling with 3/8-

inch bentonite chips as the augers are withdrawn. It is anticipated that the temporary well 

points will be in-place for no more than 4 hours per boring. 
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As indicated on Table 4, the groundwater samples from all 16 temporary well points at the 

site will be analyzed for TPH and BTEX. IfTPH is detected in any given sample, then that 

sample will also be analyzed for P AHs. The other analytical parameters were chosen 

based on the location of the well· point relative to potential source areas. Phenols will be 

analyzed at well points that are in the vicinity of the former, Retort Area, Light Oil and 

Naphthalene Plants, and Koppers Land Treatment Area. Cyanide and H2S will be 

analyzed a:t well points that are down-gradient of the former Spent Oxide Storage Area and 

Oxide Reactor Area, and down-gradient of the former Settling Ponds since spent oxide 

may have been used as fill in this area. Ammonia will be analyzed at well points in the 

vicinity of the fonner Oxide Reactor Area, since it is known that ammonia was used in 

this area. 

5.4.2 Monitoring Wells 

The groundwater at the subject site will be investigated by a series of monitoring wells to be 

installed at various key locations arid depths at the site. The monitoring wens will be used 

to: 1) determine hydraulic gradients and other aquifer parameters, 2) characterize 

dissolved contaminants in the groundwater, including their lateral and vertical extent, 

and 3) evaluate for the presence of LNAPLs and DNAPLs. In a number of locations, 

monitorin~ wells will be nested together at different depths to determine vertical hydraulic 

gradients. An extensive network of monitoring wells will be placed along the Willamette 

River on the site to determine the levels of contaminants that may be entering the river. 

Monitoring wells will be placed in the Fill Unit, Silty Clay Unit, or Alluvial Deposits 

throughout the site. If information from the proposed monitoring wells suggests that the 

Basalt Aquifer may be impacted at the site, then additional monitoring wells will be 

installed during a subsequent phase of investigation to evaluate the Basalt Aquifer. 
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The monitoring well names will be designated by a prefix "MW", followed by the 

monitoring well number, followed by a number representing the depth of the well in feet 

below ground surface (bgs), such as "MW-6-50". Where monitoring wells are placed 

adjacent to one another at different depth intervals, they will bear the same well number, 

but a different depth designation, such as "MW-6-25" and "MW-6-50". For ease ofreading, 

the depth designation may be dropped for the shallow monitoring wells, so that "MW-6-25" 

may be abbreviated as "MW-6". 

5.4.2.2 Monitoring Well Locations and Depths 

A network of 12 shallow monitoring wells (approximately 25 feet bgs) and 6 deep 

monitoring wells (approximately 50 feet bgs) is proposed for the Gasco site. The proposed 

locations of the monitoring wells are shown on Figure 7. A summary of and the rational<:: 

for the proposed monitoring well locations, depths, and analytical parameters is included 

on Table 5. A discussion of the selected analytical parameters is included in Section 5.4.4. 

The locations of the Phase I monitoring wells will not be modified based on the results of 

the well point data for the following reasons: 1> the well point data will be gathered 

concurrently with the installation of the monitoring wells, 2) the proposed monitoring well 

locations will be drilled as part of the soil investigation, and 3) once a soil boring is 

drilled, the incremental cost of installing a monitoring well is minor compared to 

obtaining a groundwater sample from a temporary well point. 

The depths of the proposed monitoring wells will be selected based on lithology data 

collected during the soil investigation. The deep monitoring wells will be installed prior 

to the shallow monitoring wells. Observations and interpretations of the lithology in the 

deep monitoring wells, in conjunction with the lithology data from the soil borings will be 

used to determine the depth of the shallow wells. DEQ will be consulted with the chosen 
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depths of the shallow monitoring wells prior to installing the wells. Field notes, boring 

logs, and cross-sections will be supplied to DEQ to justify the chosen shallow monitoring 

well depths. 

Three preliminary up-gradient monitoring wells have been selected for the Phase I 

i~vestigation (MW-9, MW-12-25, and MW-12-50). If groundwater flow direction 

information from the Phase I investigatioI{!) indicates that there are no appropriate up-,(, 
gradient monitoring wells, then the Phase I data will be used to place an appropriate up-

gradient monitoring well during Phase II. 

The locations and depths of any Phase II monitoring wells will be selected based on the 

results of the Phase I investigation and any groundwater data from a Phase II soil probe 

investigation. 

• Shallow Monitoring Wells 

The uppermost groundwater in the Fill Unit or Silty Clay Unit will be investigated through 

the installation of 12 shallow monitoring wells that will be installed to depths of 

approximately 20 to 25 feet. The actual depths of the shallow monitoring wells will be 

selected based on the estimated water table depth during drilling and the lithology data 

collected during the soil investigation. The shallow monitoring wells will be installed 

such that the screened interval will extend across the estimated seasonal fluctuation of the 

water table and allow for the detection of LNAPLs, if present. A 15-foot screen interval is 

proposed so that the screen will span the potential seasonal water table fluctuation at the 

site, and yet will also allow enough water in the well for sampling during low water table 

periods. 

If groundwater is encountered in any particular well location in the Fill Unit, then the 

screen interval will not extend significantly into the underlying Silty Clay Unit, and 

, under no circumstances will extend below the Silty Clay Unit. If groundwater is not 

encountered until the Silty Clay Unit or other underlying units, then the screen interval 

will be placed such that it will not extend up into the Fill Unit. The main objective for 
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screen placement in the shallow wells at the site is to isolate the Fill Unit from the 

underlying units to avoid commingling potentially different hydrogeologic units and to 

eliminate potential vertical conduits for contaminant migration. 

• Deep Monitoring Wells 

Six deep monitoring wells will be installed adjacent to six of the shallow monitonng wells 

to evaluate the deeper groundwater and to determine vertical hydraulic gradients. The 

deep wells will also be utilized to evaluate for the presence of DNAPLs at the site. The deep 

monitoring wells will be installed in the Alluvial Deposits to depths of approximately 50 

feet bgs, although the actual depth of the wells will depend on soil lithology data obtained 

during drilling. A 10-foot screen interval is proposed for the deep monitoring wells. 

All six deep monitoring well borings will be continuously cored during drilling to obtain 

detailed lithology data and to observe for DNAPLs. Previous geotechnical borings at the 

site have indicated the presence of a Sand Unit underlying the Silty Clay Unit at the site, 

and underlying the Sand Unit appears to be a Silt Unit. The objective of the screen 

placement for the deep monitoring wells is to screen across the base of the Sand Unit, if 

present. In addition, if any other significant -confining units or possible DNAPLs are 

observed during drilling, then the screen interval will be adjusted to span the potential 

DNAPL zone. Under no circumstances, however, will the screen extend below the 

underlying confining unit. If no DNAPLs or significant changes in lithology are 

observed in the deep monitoring well borings during drilling, then the wells will be set at a 

depth of 50 feet bgs .. 

5.4.2.3 Monitoring Well Installation and Development 

All monitoring well installation work will be performed by an Oregon-bonded and 

licensed monitoring well constructor. The monitoring wells will be installed in 

accordance with the Oregon Groundwater Law (Oregon Revised Statute (ORS) Chapter 537) 

and the Rules for Construction and Maintenance of Monitoring Wells and Other Holes in 
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Oregon (OAR Chapter 690, Division 240). The wells will also be installed according to the 

ODEQ guidance document Groundwater Monitoring Well Drilling, Construction, and 

Decommissioning Guidelines dated August 24, 1992. 

All the proposed monitoring wells will be installed with the drilling rig through the hollow 

stem augers. The monitoring wells will be constructed with 2-inch inside diameter (ID), 

threaded, Schedule 40, polyvinyl chloride (PVC), blank casing and slotted screen. If 

DNAPLs are suspected based on observations during drilling, then stainless steel casing 

and screen will be utilized. 

Fifteen (15) feet of screen will be set at the bottom of each shallow monitoring well with 

blank casing extending to the ground surface. Ten (10) feet of screen will be used in the 

deep monitoring wells. If the soils that the screen is to span are composed of sand, then a 

0.020-inch slotted screen with a Colorado 10/20 silica sand pack will be used in the well. If 

the soils that the screen is to span are composed of silts or very fine silty sands, then a 0.010-

inch slotted screen with a Colorado 20/40 silica sand pack will be used. 

The sand pack will be placed in the annular space from the bottom of the boring to two feet 

above the top of the screen. The wells will then be developed with a surge block to set the 

sand pack. In the shallow monitoring wells, a well seal composed of 3/B-inch bentonite 

chips will be placed on top of the sand pack to a depth of two feet bgsand hydra~d. 

For monitoring wells with over 25 feet of standing water in the completed installation, the 

use of a grout-slurry mixture is required by the Oregon Water Resources Division 
( 

(OWRD) in OAR 690-240 005-1BO. Therefore, in the six deep wells, a two-foot bentonite plug 

will be placed on top of the sand pack, and the well seal, composed ofa cement-bentonite 

slurry, will then be placed by a tremie pipe from the top of the bentonite plug to within two 

feet of ground surface. 

All of the monitoring wells will be completed with above-grade well monuments cemented 

in at the surface. The well monuments will be protected by three metal guard posts 

cemented in at the surface. The well casings will be fitted with locking caps. Schematic 
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well construction diagrams are shown in Figures 8 and 9 for the proposed shallow and deep 

monitoring wells respectively. 

Following the installation of the monitoring wells, they will be further developed by 

purging with a submersible pump in an attempt to remove the fine sediment from around 

the well bore. During development, at least 10 wen volumes of water, and the volume of the 

well construction water, will be removed from each well. If at this point, the wells are not 

sediment-free, then well development will continue until the wells are sediment-free. 

5.4.2.4 Elevation Survey and Water Level Measurements 

Following installation of the monitoring wells, the loeations and elevations of the new 

monitoring wells will be surveyed to the City of Portland datum by an Oregon Registered 

Professional Land Surveyor. The ground surface elevation will also be surveyed at each 

location. The top of easing elevations will measured to an accuracy of 0.01 feet, and the 

locations of the monitoring wells will be measured to an accuracy of 1.0 feet. The locations 

and ground surface elevations of all other soil borings, well points, and sampling points 

will also be surveyed. 

The static water levels in all the monitoring wells at the site will be measured following 

the monitoring well installation activities using a Solinst water level indicator 

(conductive probe). The water levels will be measured from the north side of the top of the 

casing where a notch will be cut. 

Each well will also be checked for the presence of LNAPLs and DNAPLs using an MMC 

Interface Detector probe. 
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Two types of water level monitoring will be performed at the monitoring wells at the site to 

better characterize the hydrogeology of the site, including monthly water level monitoring 

and a short-term continuous water level monitoring test. 

,. 

5.4.3.1 Monthly Water Level Monitoring 
," .. 

The water levels in all the monitoring wells at the site will be measured on a monthly basis 

for a period of six months to monitor seasonal fluctuations in groundwater elevations. 

River stage data will also be collected during each monitoring event to determine 

hydraulic continuity with the Willamette River. Following the initial six months of 

monitoring, an evaluation of the data will be conducted and presented to DEQ to determine 

if a change to quarterly water level monitoring is warranted. As part of the monthly 

monitoring activities, water levels will be collected quarterly in conjunction with the 

quarterly groundwater monitoring activities (Section 5.4.4). 

The static water levels in the monitoring wells will be measured using a Solinst water 

level indicator (conductive probe). The water levels will be measured from the north side 

of the top of the casing. If NAPLs are detected in any given monitonng well during the 

initial monitoring event, then those wells will continue to be monitored for NAPLs. 

5.4.3.2 Short-Term Continuous Water Level Monitoring Test 

A 48-hour continuous water level monitoring test will take place at selected monitoring 

wells to determine if tidal fluctuations in the Willamette River influence groundwater 

flow direction and hydraulic gradients at the site. Water levels in three monitoring wells 

located along the river (MW-3, MW-4-25, and MW-4-50) will be collected electronically on 

a continuous basis using pressure transducers and a central data logger. Water levels 

will also be simultaneously recorded in the river to compare to the groundwater levels. 
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Quarterly monitoring of selected water quality parameters will be performed at selected 

monitoring wells at the subject site to establish if there are any seasonal fluctuations or 

long-term trends of the contaminant concentrations in the groundwater. 

Following the installation of the proposed monitoring wells, the quarterly groundwater 

monitoring program will be initiated. During the first monitoring event, the groundwater 

will be sampled at aU of the monitoring wells at the site. The groundwater samples will be 

analyzed for the parameters that are listed on Table 5. For the initial sampling event, all 

18 wells at the site will be analyzed for TPH, PAHs, BTEX, and total lead. If total lead is 

detected in any given well, then the groundwater sample will also be analyzed for 

dissolved lead. The other analytical parameters were chosen based on the location of the 

monitoring wen relative to potential source areas: 

Phenols win be analyzed at wells that are down-gradient of the former Retort Area, Light 

Oil and Naphthalene Plants, and Koppers Land Treatment Area. Cyanide and H2S will 

be analyzed at wells that are down-gradient of the former Spent Oxide Storage Area and 

Oxide Reactor Area, and down·gradient of the former Settling Ponds since spent oxide 

may have been used as fill in this area. Ammonia will be analyzed at wells in the vicinity 

of the Oxide Reactor Area, since it is known that ammonia was used in this area. 

Chlorinated volatiles and pesticides will be analyzed in one shallow and two deep wells 

located on the southeast portion of the Gasco site, since this is the area most likely to detect 
~ 

these compounds based on known groundwater gradients and the source area. Priority 
~ 

Pollutant metals will be analyzed on a total basis at 8 monitoring wells where the most 

significant groundwater contamination is detected since these wells should represent 

worst-case locations for the mobilization of naturally-occurring metals. If metals are 

detected in any given well on a total basis, then the groundwater samples will also be 

analyzed for those metals on a dissolved basis. 
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Feasibility Study analytical parameters will be analyzed during the second quarterly 

groundwater monitoring event. The selection of the monitoring wells for analysis of 

Feasibility Study parameters will be based on the results of the initial sampling event. 

Based on the initial monitoring event results, the quarterly monitoring program may be 

modified to sample selected wells for selected parameters. Following the completion of the 

initial monitoring event, a groundwater monitoring sampling and analysis plan will be 

submitted to the DEQ as an addendum to this Work Plan. 

5.4.5 Aquifer Tests 

Aquifer slug tests and pump tests will be performed on monitoring wells at the site to gather 

data on aquifer characteristics, including hydraulic conductivity, transmissivity, and· 

storativity. These aquifer characteristics will allow for a calculation of groundwater flow 

velocity and the rate of contaminant migration in the groundwater. This information, 'in 

conjunction with groundwater contaminant levels, will also allow for an estimate of the 

flux of contaminants from the site into the Willamette River. Knowledge of the aquifer 

characteristics is also necessary to properly design a groundwater remediation system, if 

necessary. The aquifer tests will also help in evaluating potential stratigraphic controls 

for groundwater beneath the site. 

5.4.5.1 Slug Tests 

During the Phase I investigation, rising-head slug tests will be performed in all 

,monitoring wells at the subject site. The slug tests will be performed by lowering a PVC 

slug into the well to displace the groundwater in the well. The displaced water in the well is 

then allowed to return to the original static water level and the slug is quickly removed 

from the well. This procedure simulates the instantaneous removal of a slug of water from 

the well. The water level recovery data is measured by a pressure transducer and recorded 
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with an electronic data logger. The recovery data will be analyzed by the Bouwer and Rice, 

19765 solution method to calculate preliminary estimates of transmissivity. 

5.4.5.2 Pump Tests 

An aquifer pump test will be performed at one or two selected monitoring well pairs at the 

site. Since there is no information at this time regarding the presence or extent of 

contamjnants in the groundwater at the site, it would be premature to select the most 

appropriate loc~tions for pump tests at this time. Pumping at an inappropriate location 

could adversely affect the distribution of contaminants in the groundwater at the site. 

Therefore, it is likely that the pump tests will occur during the Phase II investigation, after 

synthesis of the Phase I contaminant, slug test, and some monitoring data is complete. An 

addendum to this Work Plan will be submitted to DEQ to outline the details of the pump test 

investigation. 

Separate 24-hour pumping tests will likely be performed on the shallow and deep wells at 

each selected monitoring well pair. The pumping test will be preceded by a step-drawdown 

test to determine an appropriate pumping rate. The pumping test will be followed by a 

recovery test, as a check against the pumping data. Water levels will be monitored 

throughout the testing period with pressure transducers installed in the pumping well and 

three to seven observation wells. Water level data will be collected electronically from a 

central data, logger. 

The aquifer characteristics of transmissivity, hydraulic conductivity, and storativity will 

be calculated, as well as an estimate of the average linear velocity of water through the 

aquifer. In addition, information regarding vertical hydraulic conductivity will be 

gathered. 

5 Bouwer, H. and R. C. Rice, A. Slug Test for Determining Hydraulic Conductivity of 
Unconfined AlIuifers with Completely or Partially fenetrating Wells, Water Resources 
Research, 12 (1976), pg 423-428. 
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Three surface water bodies, including the Willamette River, the current drainage ditch, 

and the existing settling ponds, will be sampled to evaluate the current impacts to surface 

water from the contaminants at the subject site. In addition, aerial photographs and other 

maps will be used to delineate any other past drainages at the site. The surface water in the 

settling ponds and the drainage ditch will be sampled during the Phase I investigation. 

The locations of the Phase I surface water sampling points are shown on Figure 10. The 

surface water in the Willamette River will be sampled during the latter part of the Phase I 

investigation. Groundwater quality data from the Phase I investigation will be used to 

select appropriate surface water sample locations in the river. An addendum to this Worlt= 

.. :d\ 
(fJ"t, Plan will be submitted to DEQ to outline the details of the Willamette River surface water-

S~,e"C"-1 investigation . 
• ~¢\., t- • 

~ ... <)\JI 
\'1'" 

The drainage ditch win be sampled at an up-stream and down-stream location to 

determine if the ditch water picks up any contaminants as it flows through the site. Three 

water samples will be collected from the two existing settling ponds to determine potential 

impacts to the pond water. The surface water samples will be analyzed for the presence of 

TPH, P AHs, BTEX, and dissolved lead. 

In concept, it is envisioned that the Willamette River water will be sampled at three 

locations adjacent to the site where groundwater impacts are detected during the Phase I 

investigation. In addition, a background water sample will be collected from an up

stream location adjacent to the Wacker site. The water samples will be collected from 

near the water/sediment interface and near the water/air interface at locations where it is 

predicted that contaminated groundwater may be discharging to the river. Water samples 

will likely be taken at both a high river stage and a low river stage period. In addition, 

multiple samples will be collected at each location in order to determine if differences in 

, contaminant concentrations at differing locations are statistically significant. The water 

sample locations will be determined by a Global Positioning System (GPS) unit. If 
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contaminants are detected in the samples near the sediment/water interface, then the 

water samples from near the air/water interface will also be analyzed. 

5.6 Sediment Inyestigation 

The sediment investigation will involve sampling of sediments from two surface water 

bodies at the Gasco site, the settling ponds and the Willamette River. Th~' sediments along 

the Willamette River throughout the Northwest Industrial Area are likely contaminated v-' 
.~ .• .'. 

due ~ ,the industrial history of the area. Therefore, it is likely that the sediments adjacent V 
to the Gasco site contain contaminants from up-stream sources. In addition, the river in 

this area has been dredged on numerous occasions over the years likely disturbing any 

natural depos~.:ion of the sediments. The feasibility of cleaning up sediments without ~ p 
causing greater environmental harm is limited. Therefore, the focus of the sediment # 

sampling program will be to gather information for performing the Endangerment 

Assessment. 

The sediments in the two on-site settling ponds will be sampled at three locations as shown 

on Figure 10. The sediment samples in the ponds will be collected at the sediment/water 

interface. 

The sediments in the Willamette River adjacent to the Gasco site will be sampled to 

determine potential impacts to the river sediments. Six sediment sampling points will be 

located at approximate SOO-foot intervals along a line that will ron parallel to the shoreline 

of the Gasco site. In addition, 5 sediment sampling points will be located up-stream at 300-

foot intervals along the Wacker and Atochem North America sites to determine 

background sediment concentrations. The locations of the proposed sediment sampling 

points are shown on Figures 10 and 11. Data from recent sediment sampling offshore of the 

Rhone Poulenc site will be utilized to supplement the background sediment sampling 

activities at the Gasco site. 

HAHN AND ASSOCIATES. INC. 

Koppers022217 

. J 



Final RIIFS Work Plan 
Northwest Natural Gas Company 
Gasco Facility 
Portland, Oregon 

Page 40 of 74 
Project #2708 

August 4, 1995 

At each sampling point, sediment samples will be obtained approximately 10 feet offshore 

at an average river stage. At each sample location, sediment samples will be obtained at 

one-foot intervals to a depth of approximately ten feet below the sediment/water interface. 

Two discrete sediment samples from each location will be selected for laboratory analysis, 

including one from the oxygenated zone and one from a greater depth based on field 

observations. The sediment samples will be obtained from a barge using an impact coring 

device or a Vibracore device. Alternatively, the sediment samples may be obtained with a 

Geoprobe unit on a barge depending on the results of another project that is attempting this 

method. The sediment sample locations will be determined by a GPS unit. 

The sediment samples will be analyzed for the presence ofTPH, PARs, BTEX, dissolved

lead, and TOe. 

5 7 Air Inyestigation 

Potential emissions to the air at the Gasco site would likely take place by two mechanisms: 

1) as contaminants sorbed onto soil particles entrained by wind and 2) as volatile 

contaminants by volatilization from soil or surface water. The former mechanism may 

be of concern where PARs or metals occur at the surface and activities occur that generate 

dust, such as vehicular traffic or strong winds blowing across low vegetation areas. The 

latter mechanism may be of concern where VOCs occur in near-surface soils or surface 

waters, such as at the Light Oil Plant or in the LNG containment basin. By either 

mechanism contaminants rapidly disperse in a down-wind direction. 

Two approaches were considered to evaluate the potential for air emissions at the site: 

1) soil and water quality data from the Phase I investigation would be utilized to construct 

an air dispersion model to estimate potential emissions, and 2) air emissions would be 

evaluated by direct measurement through air monitoring. The results of the Phase I soil 

and water investigations would be necessary to properly design an investigation by either 

approach. In addition, some air sampling will occur at the site during the Phase I 

investigation for worker health and safety purposes (Section 8.0). Based on the Phase I 

HAHN AND ASSOCIATES, INC. 

Koppers022218 



.~ .. 

l. 

! ' 

Final RIIFS Work Plan 
Northwest Natural Gas Company 
Gasco Facility 
Portland, Oregon 

- :uc:a: 

Page 4loC 74 
Project 12708 

August 4, 1995 

results, a decision will be made as to which approach, or combination of approaches, is most 

appropriate for the site. An addendum to this Work Plan will be submitted to DEQ to 

outline the details of the air investigation. 

If the air modeling approach is chosen for the air investigation, surface soil data including 

contaminant concentrations, grain size, and density of the tme fractions will be used to 

estimate the concentrations of contaminants that could be entrained on particulates. 

Subsurface soil temperatures and contaminant concentrations will be used to estimate soil 

vapor concentrations for volatile compounds. An estimate of the flux of contaminants 

from soil vapor to air will be made based on the nature of the ground cover. The estimated 

flux of contaminants to the air and meteorologic data from nearby stations will be used in 

an air dispersion model to estimate potential emissionS at the site. 

If the air monitoring approach is chosen for the air investigation, then fixed air 

monitoring stations will be setup at various locations at the site. The locations of the air 

monitoring stations will be determined based on the resUlts of'the Phase I investigation 

and the physical site layout. Likely locations would include an up-wind station, one or 

more down-wind locations, and locations where site workers tend to spend most of their 

time. Sampling for VOCs and particulates will take place during various seasons and 

wind conditions. Likely analytical parameters would include BTEX, PAHs, and lead. 

The air quality information gathered by the modeling and/or monitoring approach will be 

used in the Endangerment Assessment to determine the potential for air emissions to 

impact potential receptors. 

5 8 Inyestigative Deriyed Waste Plan 

All soil cuttings generated during the drilling of the soil borings and monitoring wells 

will be placed in 55-gallon drums. The drums will be labeled and temporarily stored on

site. Based on the analytical results from the soil investigation, the disposition of'the soil 

cuttings will be determined. If'the soil cuttings are determined to be un-contaminated, 
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then they will be spread on-site. If the soil cuttings are determined to be contaminated, then 

they will be segregated by waste designation and appropriate disposal will be arranged. 

All purge, development, and decontamination water from the Phase I activities will be 

placed in a temporary storage tank at the subject site. Based on the analytical results from 

the groundwater investigation, the disposition of the waste water will be determined. It is 

anticipated that the waste water will be discharged to the current water treatment system on 

site. 
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The overall project management for implementation of the RllFS work activities, will be 

handled by Ms. Sandra Hart of NWNG. HAl will manage the field activities, including 

the sampling and reporting tasks. All project field work will be-superviSed by an Oregon 

Registered Geologist. All drilling and monitoring well installation activities will be 

performed by an Oregon-bonded and licensed ~onitoring well constructor~ Surveying 

services will be performed by an Oregon Registered Professional Land Surveyor. 

Preparation of the Endangerment Assessment will be performed by Decision Focus. 

Oyera)) Project Mapagement 

Northwest Natural Gas Company 
220 NW Second Avenue 
Portland, Oregon 97209 
(503) 226-4211 ext. 4322 
Contact: Ms. Sandra Hart 

Project Management - RIIFS 

Hahn and Associates, Inc. 
434 NW Sixth Avenue, Suite 203 
Portland, Oregon 97209 
(503) 796-0717 
Contact: Mr. Roger Brown, R.G. 

Project Management - End8pgennent Assessment 

Decision Focus, Inc. 
6121 SW Tower Way 
Portland, Oregon 97221 
(503) 244-9765 
Contact: Mr. Frank Selker 

Laboratory Services (Tentatiye) 

National Environmental Testing, Inc. (NET) 
17400 SW Upper Boones Ferry Road 
Portland, Oregon 97224 
(503) 624-5449 
Contact: Mr. Derek Chinn 

HAHN AND ASSOcIATES. INc. 
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Drilling Services (Tentative) 

Geo-Tech Explorations, Inc. 
19700 SW Teton 
Tualatin, Oregon 97062 
(503) 692-6400 
Contact: Mr. Bill Klosterman 

Sedjment Sampling Services (Tentatiye) 

Fishman Environmental Services, Inc. 
434 NW Sixth Avenue, Suite 203 
Portland, Oregon 97209 
(503) 224-0333 
Contact: Mr. Paul Fishman 

Surveying Services (Tentative) 

Chase Jones & Associates, Inc. 
1500 SW 12th Street 
Portland, Oregon 97201 
(503) 228-9844 
Contact: Mr. Eric Jones 

Geophysical Services (Tentatiye) 

Geopotential 
437 NE Liberty Avenue 
Gresham, Oregon 97030 
(503) 228-9844 
Contact: Mr. Ralph Soule 

Borehole Geophysical Services (Tentatiye) 

Well Scope 
33132 Coleman Road 
Eugene,Oregon 97401 
(503) 344-4205 
Contact: Mr. Mark Christensen 

Utility Locatjng Services (Tentative) 

Maintenance Northwest 
18040 SW Lower Boones Ferry Rd. #23 
Tigard, Oregon 97223 
(503) 684-8824 
Contact: Mr. Bruce Jangala 
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As per the Agreement, Monthly Reports will be prepared by HAl by the 10th day of the month 

following the reporting period throughout the RIlFS project. The MonthlyrePoIts will begin 

o~ce the RIIFS Work Plan has been approved by DEQ. The Monthly 

Reports will summarize the activities that occurred during the previo~ month, describe in 

brief the data results collected during that time, describe any problems or difficulties 

encountered, and summarize the activities planned for the upcoming month. 

:' 

Letter Reports will be prepared by HAl within 30 days of completion of ~aeh phase of the 

Remedial Investigation at the site. The Letter Reports will summarize the work completed 

to date, data collected during that phase, and preliminary conclusions and 

recommendations. 

Addendums to this Work Plan will be submitted to DEQ for various activities that were not 

elaborated on in this document. The addendUllli may be combined to create a Phase II 

RIIFS Work Plan 

Following the completion of all phases of the Remedial Investigation, a comprehensive 

Remedial Investigation Report will be prepared that will outline the methodologies and 

results of the investigations. The Remedial Investigation Report will include all the 

elements ~tare outlined in the Agreement. All sampling locations will be surveyed by 

an Oregon registered professional surveyor, and maps will be prepared to show all the 

sampling locations. The results of the Endangerment Assessment will be submitted as a 

separate document prepared by Decision Focus. 

Following review and approval of the Remedial Investigation and Endangerment 

Assessment Reports by the DEQ, a Feasibility Study Report will be prepared which will 

include the elements outlined in the Agreement. 
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An estimate of the overall RIlFS project schedule is presented on Table 8. The schedule 

starts with the signing of the RIIFS Agreement on August 8, 1994. The preparation, review, 

revision, and approval of the Final RIIFS Work Plan will proceed until approximately late 
. . 

July 1995, when the Phase I Remedial Investigation will start. It is estimated that the Phase 

I Remedial Investigation, an evaluation of remedial options, and the Endangerment 

A"sessment will proceed until approximately December 1995. As per the schedule outlined 

in the Agreement, the preparation, review, and approval of the Phase I Remedial 

Investigation Letter Report and the Phase II Work Plan Addendum will proceed until 

approximately March 1996 when the Phase II Remedial Investigation will start. 

It is esi.imated that the Phase II Remedial Investigatiun will proceed from approximately 

March through July 1996. This sche~ule assumes that additional phases of investigation 

will not be necessary. The Phase II Remedial Investigation Letter Report will be prepared 

for review and approval of DEQ by approximately August 1996. 

As per the schedule outlined in the Agreement, the preparation, review, and approval of the 

Remedial Investigation Report Outline and the final Remedial Investigation Report will 

proceed until approximately March 1997. As per the schedule outlined in the Agreement, 

the preparation, review. and approval of the Feasibility Study Report will proceed until 

approximately August 1997. Preparation for the implementation of the remedial actions 

recommended in the Feasibility Study will begin in approximately August 1997. 

The Phase I Remedial Investigation itself will be completed in phases, with the scope of 

some later tasks dependent on the results of earlier tasks. A Gantt chart and PERT chart 

detailing the schedule and dependencies of the Phase I investigation are displayed on 

Table 9. The initial Phase I field activities will occur from approximately July to October 

1995, including the soil boring, temporary well point, and monitoring well installations, 

, sediment sampling, geophysical surveys, slug tests, water level tests, and the first 

quarterly groundwater monitoring. Based on synthesis of the results of these activities, the 

scope of work for the aquifer pump tests, Willamette River surface water investigation, 

HAHN A. ... D ASSOCIATES, INC. 

Koppers022224 



Final RIIFS Work Plan 
Northwest Natural Gas Company 
Gaaco Facility 
Portland, Oregon 

Page 47 of 74 
Project 12708 

August 4, 1995 

and the air investigation will be determined, and an addendum to this Work Plan 

prepared for submittal to DEQ outlining these activities. In addition, an addendum will be 

prepared which will outline the sampling and analysis plan for subsequent quarterly 

groundwater monitoring at the site. It is possible that the aquifer pump tests may be 

delayed to be performed during the Phase II investigation. 
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Data will be gathered during the Remedial Investigation for a nUmber of purposes 

including: 1) to determine the nature and extent of contaminants at the site, 2) to define the 

hydrogeology of the site, 3) to perform an Endangerment Assessment, 4) to identify cleanup 

criteria, and 5) to identify, screen,.and evaluate remedial altematives. The overall data 

quality objective for the project is to collect sufficient data of an adequate quality to meet the 

described data needs. The RJ/FS Wor.k Plan has been desiped to collect aufficient data 

for the identified data needs as per EPA, 198,e. The data quality assurance objectives for 

this project are to develop alld implement proeedures to collect representative samples and 

to provide chemical and physical data of known quality. In order to meet these objectives, 

all field activities will be conducted according to the methods describe in this Sampling 

and Analysis Plan (SAP). Pata quality is assessed by precision, accuracy, 

representativeness, completeness, and comparability, as described below. 

Precision is a measure of the spread of the da_ta when more than one measurement is taken 

of the same sample. Duplicate samples will be analyzed by the laboratory at a ratio of at 

least one sample per twenty samples analyzed. Split sample analysis (that is, two sub

samples of the same sample are sent to different laboratories for analyses) will not be 

performed. 

Accuracy is a measure of the closeness of the measured value to the true value. Accuracy of 

chemical test nsults is assessed by spiking samples with known standards and 

establialliq the average recovery. Surrogate spiking analyses will be performed at a rate 

of at least one sample per twenty samples analyzed. Matrix spike and matrix spike 

6U.5. EPA, Data Quality Objectives for Remedial Response Activities, Volume 1 -
Development Procas, EPAl54OIG-87/003A (1987) . 
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duplicate samples win also be collected and analyzed for the groundwater sampling 

activities. 

Representativeness is a measure of how closely the measured results reflect the actual 

concentration or distribution of the chemical compounds in the soil or water sampled. The 

sampling techniques and sample handling protocols outlined iii this SAP were designed to 

collect representative samples. 

Completeness is a measure of the amount of valid data obtained from the analytical 

measurement system described as a percentage of the planned measurements. The 

completeness of the data will be 'assessed during quality control reviews. 

Comparabilit.,)' of the data will be maintained by using EPA-defined field and analytical 

procedures and protocols where available. Where EPA standards are not available, the 

procedures will be fully documented. 

7 2 Field Sampling Procedures 

7.2.1 Soil Sampling Procedures 

During the drilling of the soil borings and monitoring well borings, soil sampling will be 

conducted with a split-barrel sampling device. The soil sampling will either be on a 

continuous basis or at 2.5-foot intervals as outlined on Table 3. In borings selected for 

continuous sampling, a 5-foot long, 3-inch outside diameter (00), spilt-barrel coring 

device will be utilized. The coring device is advanced during drilling inside of the lead 

auger. In borings selected for 2.5-foot sampling, a 1.5-foot long, 3-inch 00, spilt-spoon 

sampling device will be driven into the undisturbed soils ahead of the augering bit using 

the Standard Penetration Test (SPT), Since the split-spoon sampler is 1.5 feet long, only 

one foot of soil is not observed between sampling points. If sample recovery is not adequate 

with the split-barrel coring device, then the sampling method will be changed to a split

spoon'device. 
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Soil samples will be collected for both hydrogeological and contaminant characterization 

purposes. Upon removal from the soil boring, the split-barnl devices are opened at the 

surface to observe the soil profile. Ifbased on field screening (see Section 7.2.2), a zone of 

potential soil contamination is observed, then a soil sample will be collected for laboratory 

analyses from that interval. If no contamination is suspected, then a soil sample will be 

collected from the middle of the device. Each soil sample will be immediately placed in a 

laboratory supplied 9-ounce sample jar and capped with a teflon-lined lid. The sample 

jars will be labeled and transferred to a-chilled container for shipment to the analytical 

laboratory . 

Following the collection of samples for analytical purposes, the soil profile will then be 

noted in the field by an HAl geoloiist. The "roperties of the soil, including color, moisture, 

plasticity, gnlciine, structure, and texture will be Doted in the field and incorporated into a 

boring log for each of the subsurface borings. An estimate of the Unified Soil 

Classification System (USCS)80il type designation (ASTM D 2487-85) will also be shown 

on the boring logs. The USCS soil type designation will be a field estimate only and will 

not be confirmed by laboratory analyses, although an occasion sample may be collected for 

this purpose. Visual or olfactory evidence of contaminant occurrence in the samples, if 

present, will also be noted on the boring logs. An example boring log and monitoring well 

log are included in Appendix D. 

7.2.2 Soil Field Screening Procedures 

Each soil sample will be sereened in the field for the presence of organic contaminants by 

the visual, sheen, and headspace vapor meth"ods. The" sheen method involves mixing a 

portion of the soil sample into a pan containing water and observing for a sheen. Organic 

vapor levels in the soil samples will be determined by the headspace vapor method utilizing 

a MicroTIP Model MP.l,OOO equipped with a photoionization detector and a 11.7 electron 

volt (e V) lamp. 

-~----------------,------------"--"- ----- - - -------
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The headspace vapor method involves placing approximately 8 ounces of soil in a one

quart plastic bag. The bag is sealed and the sample is then set aside for a 20-minute 

stabilization period, whereupon the detector probe is inserted through the seal into the bag. 

The results of the headspace screening are recorded on the boring log in parts per million 

(ppm). The results of the headspace method will be used for qualitative screening purposes 

only. 

7.2.3 Groundwater Sampling Procedures 

Groundwater samples will be collected from the temporary well points at the site 

immediately following installation. The temporary well points will be purged with a 

submersible pump of at least one borehole volume of water (approximately 28 gallons for an 

8 lI4-inch hole), or until the casing is entirely evacuated, whichever occurs first. The pH, 

temperature, and conductivity of the water will be measured during the purging process to 

monitor for stabilization of these parameters. The water sample will then be collected 

using the pump at a low flow rate. 

Groundwater samples will be collected from the_monitoring wells at the site at least 72 

hours following development. The monitoring wells will be sampled in the order of 

suspected least-contaminated to suspected most-contaminated. Following the initial 

sampling event, the order of well sampling will be based on the initial analytical results. 

Prior to sampling, at least three well volumes of water will be purged from each well using 

a peristaltic or submersible pump. The pH, temperature, and conductivity of the water will 

be measured during the purging process to monitor for stabilization of these parameters. 

The shallow wells will be purged with a peristaltic pump and dedicated polyethylene tubing 

for each well. In addition, the silastic tubing in the peristaltic pump will be replaced for 

every well sampled, thus eliminating the need for decontamination and the risk of cross

contamination. The deeper wells will be purged with an electric submersible pump 

equipped with teflon tubing that will be decontaminated between wells. A comparison 
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study will be performed on three shallow monitoring wells to show that sampling with the 

peristaltic and submersible pumps will produce consistent data for volatile compounds. 

The three selected wells will be sampled by both types of pump during the first sampling 

event and the samples analyzed for BTEX compounds to check for consistency between 

methods. 

Following completion of the purging of the well points or monitoring wells, a 

representative sample of the groundwater will be ohtained using the pump at a low flow 

rate. The water will be carefully transferred to the appropriate sampling containers (see 

Table 10). The sampling containers will be completely filled such that DO headspace is 

present that would allow the loss of volatiles. The sample bottles will then be transferred to~_:· 

a chilled container for shipment to the analytica1laboratory. Unfiltered samples will be 

collected for :~l parameters except metals and orthophosphaLa, where the groundwater 

samples will be filtered with an in-line 0.445 micron filter. 

7.2.4 Surface Water Sampling Procedures 

Durin&' the Phase 1 investiption, surface water samples will be collected from the on-site 

drainage ditch and settlinz ponds. Since neither of these water bodies are very deep, the 

water sample will be obtained from a depth of approximately one foot. However, care will 

be taken 80 that the aample is not collected too near the sediment/water interface, thus 

potentially stirring up aediments into the water sample. If sediment and water sampling 

are to take place at the same time, all the surface water samples will be collected prior to 

collectina' any sediment samples. In the drainage ditch, the down-stream sample will be 

collected prior to the up-stream sample. In addition, the ditch samples will be collected 

prior to the pond samples. The surface water samples will be collected with a l-1iter 

polypropylene Pond Sampler with a telescoping handle. The details of the WiUamette 

River surface water sampling activities will be presented in an addendum to this Work 

Plan that will be submitted to DEQ. 
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During the Phase I investigation, sediment samples will be collected from the Willamette 

River at 11 different locations and from the on-site ponds at three locations. The locations 

of the proposed sediment sampling points are shown on Figures 10 and 11. 

The sediment samples in the ponds will be collected at the sediment/water interface using 

eitlll~r a stainless steel Ekman dredge (soft. sediments) or 2-inch Lexan core tubes with 

stainless steel coring head if sandy sediments are present. The core tubes can be inserted 

'" into sediment by hand either from a small boat or from a wading position. 

At each sampling point in the Willamette River, sediment samples will be obtained 

approximately 10 feet offshore at an average river stage. At each sample location, 

sediment samples will be obtained at one-foot intervals to a depth of approximately ten feet 

below the sediment/water interface. Two discrete sediment samples from each location 

will be selected for laboratory analysis, including one from the oxygenated zone and one 

from a greater depth which shall be based on field screening (see Section 7.2.2). 

Collection of the sediment core samples will require use of an impact coring device to 

retrieve cores of approximately 10 feet in length. The coring device is mounted aboard a 

shallow draft., aluminum catamaran with a moveable A-frame on the forward deck 

allowing the core tubes to be retrieved and sealed effectively without losing core tube 

contents. The 4-inch OD core tubes are constructed of aluminum. Core tubes will be cut to 

the length of the extracted sample with a stainless steel cutting tool following retrieval. 

The tubes will then be sealed and labeled indicating sample orientation and location prior 

to transfer. 

The core tubes will then be put on ice and transferred to an on-site location for extraction. 

Individual cores will be extracted using a piston-like extraction device onto polyethylene 

sheeting. Each sample shall be placed in a laboratory supplied 9-ounce sample jar and 

capped with a teflon-lined lid. The sample jars will be labeled and transferred to a chilled 
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container for shipment to the analytical1aboratory. After samples a1'8 collected, each core 

will be loaed and characteristics noted. 

7 3 Sample Container Label and Custody Requirements 

All samples will be transferred to the appropriate sampling containers and placed into a 

chilled (4°C) transport container (cooler) for shipment to the on-site laboratory. Chain-of

Custody tape will be affixed to each sample jar to assure that the sample bas not been 

tampered with. The coolers will be utilized for temporary storage of the samples. 

Appropriate sample Chain-of-Custody forms will be placed in the sample coolers in a 

plastic bag. An example of the Chain-of-Custody form and seal are included in Appendix 

E. The coolers will then be sealed with cbain-of-custody tape for delivery to the analytical 

laboratory. The sample container, preservation, and holding time requirements for each 

sample matrix and analytical method is summarized on Table 10. The types and numbers 

of sample bottles required per type of sample are summarized on Table 11. 

A sample label will be attached to each sampling container prior to the sampling event. 

Information to be included on the label will include the following: 

• Sample number 

• nate and time of sample collection 

• Initials of person collec:tine the sample 

• Type of preservative, if any 

• Analyses to be performed 

Individual samples will be identified using a unique sample number which includes a 

sample prefix consisting of the HAl project number and a six digit date code. The prefix 

will be followed by a code indicatinr the type of sample and an individual sample 

Koppers022232 
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collection number which will be assigned sequentially as the samples are collected (e.g. 

270B-9503429-B5-01). The sample type codes are as follows: 

• "B" is a soil sample from a soil boring 

• "M" is a soil sample from a monitoring well boring 

• "BW" is a gi-oundwater sample from a temporary wel~ point 

• "MW" is a groundwater sample from a monitoring well 

• "SW" is a surface water sample 

• "sn" is a sediment sample 

• "'A" is an air sample 

A record of all field activities will be maintained by the Field Team Leader on an HAl 

Project Field Notes form (Appendix F). 

7 4 Decontamination Procedures 

The drilling equipment will be steam-cleaned between drilling locations to prevent cross

contamination between borings. All soil and sediment sampling equipment will be 

decontaminated after each sample by using a detergent solution wash, a potable water 

rinse, a dilute nitric acid rinse, a second potable water rinse, and a tinal distilled water 

rinse. In areas where tar is encountered, a specialized detergent may need to be utilized to 

remove the tar. 

All water purging equipment will be decontaminated by using a detergent solution wash, 

two potable water rinses, and a final distilled water rinse. All water sampline equipment 

will be decontaminated by using a detergent solution wash, a potable water rinse, a dilute 

nitric acid rinse, a second potable water rinse, an isopropanol rinse, and a final de

ionized water rinse. 

All water generated during the decontamination of the drilling and sampling equipment 

will be retained and stored in a temporary storage tank on-site (see Section 5.8). 
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All field equipment will be calibrated prior to use according to the manufacturer's 

instructions. Users manuals and calibration recordS will accompany all monitoring 

equipment into the field and will be stored in the carrying case. - Calibrated equipment will 

be identified by means of an HAl identification number-or a manufacturer's serial 

number. The results of calibrations and records of repair will be maintained in -a logbook. 

Equipment that fails calibration or fails to operate properly will be removed from service, 

tagged to indicate its condition, and segregated from the operational equipment. Such 

equipment will be repaired and re-calibrated if possible, or replaced. Preventive 

maintenance of field equipment is performed according to the procedures indicated in the 

Illanufacturer's manuals. 

Laboratory analytical equipment and instruments will be calibrated in accordance with 

the laboratory's internal quality assurance/quality control (QAlQC) program. 

76 Analytical Methods and Procedures 

The analytical parameters selected for the Remedial Investigation are divided into three 

main categories, including primary parameters, secondary parameters, and Feasibility 

Study parameters. A summary of the selected analytical parameters and method numbers is 

included on Table 2. 

Analyses for the ~rimary parameters will be performed on soil, sediment, surface water, 

and groundwater samples and includes PAHs, BTEX, TPH, phenols, lead, and cyanide. 

Analyses for the secondary parameters will be performed on ,roundwater samples and 

includes sulfides, sulfate, ammonia, chlorinated pesticides and solvents, and priority 

pollutant metals. Analyses for the Feasibility Study parameters will be performed on 

groundwater samples and includes alkalinity, hardness, iron, maneanese, nitrate, 

-------- -- ------- ---------- -- -----
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nitrite, orthophosphate, and total organic carbon (TOC). In addition, analyses for BTU 

content will be performed on selected tar samples. 

With some exceptions, all the analytical methods will follow standard U.S. 

Environmental Protection Agency (EPA) procedures as outlined in Test Methods for 

Evaluating Solid Wastes - Physical/Chemical Methods (SW-846). The analytical 

methods for TPH analyses will follow DEQ-approved methods for underground storage 

tank (UST) cleanups (OAR 340-122-350). Analyses for PAHs will be performed by EPA 

Method 8270 modified to use the SIM mode. Analyses for phenols will be performed by EPA 

.. Method 8270 to achieve lower detection limits, since petroleum hydrocarbons cause 

interferences using EPA Method 8040. BTU content of the tar samples will be measured by 

ASTM Method D-2015. 

7.6.1 Selection of Analyses for Soil and Sediment Samples 

The analyses to be performed on any given soil sample will depend on the location of the 

soil boring with respect to a potential source area as indicated on Table 3. In addition, 

analyses will be performed on other soil samples at the site for purposes of performing the 

Endangerment Assessment as indicated on Table 3. TPH will generally be used as a 

screen to determine analyses for additional parameters as follows: 

A) Cyanide analyses will be performed on all selected samples from the Former Spent 

Oxide Storage Area, Fonner Oxide Reactor Area, and Former Settling Ponds. 

B) Total lead analyses will be performed on all selected samples in the Light Oil Plant 

area, former Koppers Land Treatment Area, and former Naphthalene Plant. 

1) Leachable lead analyses by the Toxicity Characteristic Leaching Procedure 

(TCLP) will be performed on samples where the detected total lead concentration, 

divided by a factor of 20, is greater than 2 ppm so that a comparison can be made to 

the Soil Cleanup Table (OAR 340-122-045). 

C) Priority Pollutant metals analyses will be performed on all selected samples from the 

Former Spent Oxide Storage Area. 
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D) TPH~Hem analyses will be performed on all selected samples from all areas at the 

site, and will be used as a screen for determining analyses for other parameters. 

1) IfTPH is not detected, then additional analyses will not be perfoTDled on that 

sample. 

2) If TPH is detected in any given soil sample, then additional analyses, depending 

on location at the site, will also be performed on that sample. 

a) TPH will be quantified by the appropriate DEQ method for psoline, diesel, or 

oil range petroleum hydrocarbons. 

b) PAH analyses will be perfoTDled on all samples where TPH is detected. 

c) BTEX analyses will be perfoTDled on all samples where TPH is detected in 

the former Retort Area, ~ght Oil Plant, former Koppers Land Treatment 

Area, and former Naphthalene Plant. 

d) Phenol aualyses will be performed on all samples where TPH is detected in 

the former Tar Processing Area, Light Oil Plant, former Koppers Land 

Treatment Area, and former Naphthalene Plant. 

All foqrteen sediment samples will be analyzed for TPH, PARs, BTEX, tota1lead, and 

TOe as indicated on Table 7. Analyses for leachable lead will be performed based on the 

same criteria established for soil samples. 

7.6.2 Selection of Analyses for Water Samples 

The analyses to be performed on water samples from the temporary well pOints, 

monitoring wells, and surface water locations are sUDlmarized on Tables 4, 5, and 6 

respectively. 

As indicated on Table 4, the groundwater samples from all 16 temporary well points at the 

site will be analyzed for TPH and BTEX. IfTPH is detected in any given sample, then that 

sample will also be analyzed for P AHa. The other analytical parameters were chosen 

based on the location of the well point relative to potential source areas. Phenols will be 

analyzed at well points that are in the vicinity of the former Retort Area, Light Oil and 

Naphthalene Plants and Koppers Land Treatment Area. Cyanide and H2S (suHides and 
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sulfate) will be analyzed at well points that are down-gradient of the former Spent Oxide 

Storage Area and Oxide Reactor Area, and down-gradient of the former Settling Ponds 

since spent oxide may have been used as fill in this area. Ammonia will be analyzed at 

well points in the vicinity of the former Oxide Reactor Area, since it is known that 

ammonia was used in this area. 

During the first quarterly monitoring event (Table 5), the groundwater samples from all 

18 monitoring wells will be analyzed for TPH, PAHs, BTEX, and total· lead. If total lead is 

detected in any given well, then the groundwater sample will also be analyzed for 

~issolved lead. Phenols will be analyzed at wells that are down-gradient of the former 

Retort Area, Light Oil and Naphthalene Plants, and Koppers Land Treatment Area. 

Cyanide and H2S (sulfides and sulfate) will be analyzed at wells that are down-gradient of 

the fon:.er Spent Oxide Storage Area and Oxide ReacUJr Area. and down-gradient of the 

former Settling Ponds. Ammonia will be analyzed at wells in the vicinity of the Oxide 

Reactor Area. Chlorinated volatiles and pesticides will be analyzed in one shallow and 

two deep wells located on the southeast portion of the Gasca site. Priority Pollutant metals 

will be analyzed on a total basis at 8 monitoring wells where the most significant 

groundwater contamination is detected by other parameters. If metals are detected in any 

given well on a total basis, then the groundwater samples will also be analyzed for those 

metals on a dissolved basis. Feasibility Study analytical parameters will be analyzed 

during the second quarterly groundwater monitoring event. 

As indicated on Table 6, the surface water samples will be analyzed for the presence of 

TPH, P AHs, BTEX, and dissolved lead. 

7 7 Quality Assurance /QugJity Contr0) Procedures 

7.7.1 Field Quality Control Samples 

As a check offield quality control (QC) procedures, a number ofQC samples will be 

collected and analyzed, including soil and water duplicate samples, water trip blanks, 
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field/equipment blanks, matrix spikes, and matrix spike duplicates. The identity of the 

QC samples will not be made known to the analytical laboratory, with the exception of the 

matrix spike and matrix spike duplicate samples. The QC samples will be analyzed for 

the primary analytical parameters only. A summary of the project quality control sample 

plan is included on Table 12. 

One duplicate soil and sediment sample will be collected and analyzed for every 20 

investigative samples. A duplicate groundwater sample will be collected from one 

temporary well point (8-26) and one monitoring well (MW-7-25). One duplicate surface 

water sample will be collected from a drainage ditch location (SW-5). 

One trip blank will be prepared by the analyticall~ratory for every two days of sampling 

or for each sampling event if it is less th!lll 2 days. The trip blank will be kept in the covler 

with the investigative samples. A field/equipment blank of water will be obtained prior to 

sampling a deep and a shallow monitoring well by passing de-ionized water through the 

decontaminated sampling pump into the appropriate sampling containers. In addition. 

two soil equipment blanks will be obtained after sampling a tar zone at two different 

borings at the site. The soil equipment blanks will be obtained by passing de-ionized water 

through the decontaminated soil sampling device into the appropriate sampling 

containers. 

A matrix spike and matrix spike duplicate sample of groundwater will be obtained from 

monitoring well MW-7-25. These samples will be spiked in the laboratory for the primary 

analytical parameters. 

Laboratory QC for this project will involve the standard EPA guidelines as desc:ribed in 

Test Methods (or Evaluating Solid Wades -'Ph,sirol/Chem.ical Methods (SW-846) and 

therefore will not be repeated here. Laboratory QC will include calibration standards, 

control samples, reagent blanks, matrix spikes, surrogate spikes, and laboratory 

duplicates. 
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The HAl Project Manager will monitor and audit the performance of the QAlQC 

procedures. When necessary, the Project Manager will audit the field work in progress. 

These audits would evaluate the execution of sample identification; sample control, chain

of-custody procedures, field documentation, instrument calibration, field measurement, 

and sampling operations. The evaluation would be based on the extent to which the 

applicable procedures as set forth in the project plans are being followed. 

Field documents pertaining to sample identification and control would be examined for 

completeness and accuracy. Field notebooks and data forms would be reviewed to 

determine that all entries are dated and signed and that the contents are legible, written in 

ink, and contain accurate and inclusive documentation of project activities. The auditor 

also would determine if chain-of-custody procedures were being followed and that samples 

were being kept in the custody of the Field Team Leader at all times. 

If quality control audits result in detection of unacceptable conditions or data, the Project 

Manager will be responsible for developing corrective action. Corrective action may 

include: 

• Re-analyzing samples if holding time criteria permit 

• Re-sampling and analyzing samples 

• Evaluating and amending sampling and analytical procedures 

• Accepting data while acknowledging the level of uncertainty associated with the data 

A Quality Assurance Report will be included as part of the Remedial Investigation Report. 

The Quality Assurance Report will address the following: assessment of data accuracy, 

precision, and completeness; results of quality assurance audits; significant QAlQC 

problems encountered during the project and the recommended solutions. 
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All field data will be reviewed to determine accuracy, precision, and completeness. 

Descriptive data, such as field soil boring logs, will be transferred to a final appropriate 

format (Appendix F). Numerical data, such as water levels, wili be reduced and entered 

into computer data bases . 

. All analytical data will be reviewed to determine accuracy, precision, and completeness 

and provide an assessment of the usability of the data. The review will include an 

evaluation of the field and laboratory blanks and duplicates results, surrogate and matrix·· 

spike recoveries, detection and quantitation limits achieved, holding times, and 

equipment C1ilibrations. If the data is not considered to be vC adequate quality, an 

appropriate data qualifier will be assigned. After the data have been reviewed and 

qualified, the data will be entered into computer data bases and presented in tabular and 

graphical formats for interpretation. 

The field and analytical data will be interpreted as appropriate within the context of the 

Remedial Investigation. The hydrogeologic characteristics and the contaminant 

distributions of the site will be defined, as appropriate. The data interpretation will be 

performed so that information is generated that will be useful for the Endangerment 

Assessment and Feasibility Study. 

8.0 SITE BEALTBAND SAFETY PLAN 

A site-specific Site Health and Safety Plan will be developed as required by the 

Occupational Safety and Health Administration (OSHA) according to the Code of Federal 

Regulations (CFR) 29 CFR 1910.120. The Site Health and Safety Plan will include 

discussion under the following section headings: Site Description; Ol'iaDization and 

Coordination; Site Control; Hazard Evaluation; Personal Protective Equipment; 
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Communication Procedures;' Decontamination Procedures; and Site Safety and Health. 

The Site Health and Safety Plan will be submitted to DEQ prior to performing the field 

activities at the site. 

Based on a review of the previous investigatory activities at the subject site, modified Level 

D' protection is recommended during most site activities. The level of protection may be 
upgraded to Level C if monitoring of the work zone indicates levels of VOCs are above 

appropriate limits. 

Level C protection is recommended during the drilling of the soil borings in the Light Oil 

Plant area, due to suspected VOCs in the subsurface in this area. Personnel and ambient 

air monitoring for VOCs and PAHs will be performed during the drilling activities at the 

site. 

9.0 ENDANGERMENT ASSESSMENT WORK PLAN 

An Endangerment Assessment will be prepared by Decision Focus for the Gasco site. The 

Endangerment Assessment will include a Human Health Evaluation to evaluate potential 

risks to human health, and an Environmental Evaluation to evaluate potential ecological 

impacts. Both the Human Health Evaluation and Environmental Evaluation will 

evaluate risks associated with the site in the absence of any actions to control or mitigate 

releaSes, that is, for the site with no further action. ~ere possible, the Endangerment 

Assessment will provide quantitative estimates of such impacts. The Endangerment 

Assessment will be based on data collected dllring the RllFS, and will: 

• Summarize the nature and extent of contaminants as found in the Remedial 

Investigation 

• Identify potentially exposed individuals and ecosystems 

• Describe and quantify potential exposure pathways 

• Estimate potential impacts of Gasco site contaminants 
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1) Chemicals of concern 

2) Dose-response data for chemicals of coneem 

3) Locations and concentrations of such chemicals 

4) Exposure assessment for potentially exposed individuals 

5) Quantitative estimates of potential health risks 
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The Human Health Evaluation will also include an executive summary and conclusions. 

Each of the elements is described in the following subsections. 

9.1.1 Chemicals of Concern 

The potential contaminants of coneem to be assessed in the Human Health Evaluation 

are: 

• Polynuclear aromatic hydrocarbons (PAHs) 

• Volatile aromatic hydrocarbons, including benzene, toluene, ethylbenzene, and 

xylenes (BTEX) 

• Phenols 

• Lead 

• Cyanide 

As outlined in Section 4.4, additional chemicals have also been listed as potential 

contaminants at the site: 

• Hydrogen sulfide (H2S) 

• Ammonia (NH3) 

• Chlorinated pesticides and solvents 

• Metals 
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The final list of chemicals of concem will be determined by the results of the Remedial 

Investigation. 

9.1.2 Dose-Response Data 

Toxicity and dose-response information will be summarized for each of the chemicals of 

concem. The primary source for this information will be the EPA Integrated Risk 

Information System (IRIS). For each chemical, adverse health impacts will be described 

and quantified for: 

• Acute health effects 

• Chronic, non-cancer health effects, and 

• Cancer 

For acute effects, the Human Health Evaluation will compare estimated short-term 

exposures with acute effect thresholds. For chronic non-cancer health effects, long-term 

exposures will be compared with the Reference Dose (RID) or Reference Concentration 

(RfC). When long-term exposures are below the RID or RiC, no adverse human health 

effects are expected to occur. 

For carcinogens, an EPA cancer potency factor (CPF) will be used. Because the EPA 

assumes that at low doses the cancer risk increases linearly with dose, increased cancer 

risk may be estimated by multiplying the potency factor by a dose of the carcinogen. 

Where available, route-specific potency factors will be used. 

There are large uncertainties associated with EPA dose-response estimates. For example, 

many RID values have "Uncertainty Factors" (UF) of 10 to 1,000 incorporated into the 

values. Reasons for these factors include uncertainty in study results, uncertainty in 

extrapolating animal results to humans, and Wlcertainty in how effects will seale with 

organism size. The purpose of multiplying study results by the Uncertainty Factors is to 

produce standards likely to be protective for the most sensitive people of an exposed 

HAHN AND ASSOCIATES. INC. 

Koppers022243 



Final RIIFS Work Plan 
Northwest Natural Gas Company 

. Gaac:o Facility 
Portland, Oregon 

Page 66 of 74 
Project 12708 

A.uguat 4, 1996 

population in spite of the lsrge uncertainties. The logical implication is that such estimates 

are likely to overestimate risks. Similar protective assumptions are used for developing 

cancer potency factors. For example a linearized multi-stage model is used which implies 

risk at any dose. Further, a 95% upper confidence limit fit to that model is used. 

Additionally, multipliers similar to the "Uneertainty Factors" are Used to be proteetive 

where assumptions regarding body size and inter-species extrapolation are required. 

Again, this is to provide a protective estimate of eaneer potencies. 

The implieation is that results derived using standard EPA dose-response values are 

likely to overestimate risk, and thus provide a worst-case, rather than best-estimate, value 

of risk. We will ealculate and report results using these standard, highly proteetive dose

response values. We may also calculate and report results using best-estimate values. 

Where such values are used, the basis for thosl.!values will be clearly explained and 

documented. 

9.1.3 Locations and Concentrations Of Chemicals 

The results of the Phase I Investiption will be used to estimate the concentrations of the 

chemica1a of concern. Chemical concentrations will be estimated in: 

• Subsurface soil 

• Surface soil 

• Groundwater 

• On-site surface water 

• River water 

• River sediment 

• Air 

The focus will be estimating concentrations in the media and location combinations most 

important for estimating human exposures and environmental releases. 
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Groundwater is believed to flow directly into the Willamette river; and accordingly, a 

significant concern with respect to chemical concentrations in groundwater will be as a 

source of contaminants for the Wi11amette River. 

Where extrapolation or estimates are required, all available information will be used. 

Fate and transport modeling may also be used where needed. 

There will be uncertainties in concentrations of chemicals. The primary reason is that 

contaminants are spread unevenly at the site, so it is impossible to bow precise 

concentrations at exposure points. Therefore concentration of a particular chemical in a 

particular media will be described with low/mediumthigh values or a probability 

distribution that reflects Remedial Investigation findings. 

9.1.4 Exposure Assessment 

In this step the routes of human and environmental exposure will be enumerated and 

described. Exposure routes will include: 

• Surface soil contact 

• Surface soil ingestion 

• Subsurface soil contact 

• Subsurface soil ingestion 

• Groundwater dermal contact 

• Groundwater incidental ingestion 

• Surface water contact 

• Surface water incidental ingestion 

• River water contact 

• River water incidental ingestion 

• River sediment contact 

• Inhalation 
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In addition, prior to commencing the Endangerment Assessment, NWNG and DEQ will 

consider the necessity of assessing groundwater as a potential source of drinking water. 

Such consideration will take into account current DEQ policies on this issue, HB 3352 as 

enacted by the 68th Legislative Assembly (1995), and present and reasonably likely future 
.. 

beneficial uses of and human exposure by ingestion to groundwater. 

Information needed to characterize human contact with the site, such as personnel on site, 

usage of the site, and usage of the river, will be collected to characterize the potentially 

exposed populations. Examples of parameters to be estimated in this regard include 

frequency of visits and the time spent in various activities. Exposure parameters will be 

quantified according to standard EPA Pt:actices (EPA, 1989a7 ; EPA Region 10, 19918; EPA, 

19909 , EPA, 1992a10. Examples of such parameters include incidental soil and water 

consumption.and i.malation rates. All assumptions will be cIeafly described and 

documented. 

There will be uncertainty in many of the exposure parameters. For example, the number of 

years a person may work ~t the site, the number of times per week they participate in an 

activity, and the amount of incidental soil ingestion will all vary by individual. This 

uncertainty will be described using low/medi~gh values or probability distributions. 

7U.S. EPA, Rtsk Assessment Guidance for Superfund, Volume 1, HU11l4n Health 
Evaluation Manual (Part A), Interim Final, EPAl54011-89/002 (1989a) 

BU.S. EPA Region 10, Risk Assessment Guidance for Superfund, Volume 1. HU11l4n 
Health Evaluation Manual. Supplemental Guidance, Standard Default E:rposure Factors, 
Interim FinBI, OSWER Directive 9285.6-03, March 25, (1991) 

9U.S. EPA, E:rposure Factors Handbook, Exposure Assessment Group, Office of Health and 
Environmental Assessment, EPAl600/S·S9/043, (1990). 

1OU.S. EPA, Guidelines for E:rposure Assessments, 57 eFR 22888 ~ May 29,(1992a) 
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9.1.5 Quantitative Estiuiates Of Potential Health Risks and Uncertainty 

Potential acute, chronic non-cancer, and cancer health risks will be separately estimated 

using the above information. For acute and chronic non-cancer reSults, the possibility of 

eXposures exceeding thresholds (e.g., the RID) is the primary cOncern. For carcinogens, 

estimated increases in cancer risk will be calculated. The chemicals, locations, and 

exposure routes accounting for the most important risks will be highlighted and discussed. 

The information collected on uncertainties in the input parameters will allow reporting of 

best estimate results as well as the worst case results correspondinlr to Reasonable 

Maximum Exposure (RME) assumptions. We anticipate that calculations will be carried 

out Using either discretized uncertainty values (e.g., low/mediumlhiih> or standard 

probability distributions with selected parameters. 

9 2 Environmental Eyaluation 

.For the Environmental Evaluation, on-site wildlife and the Willamette river will be the 

areas of interest. The Willamette is a substantial river carryinlr a variety of 

contaminants from many sources. Since the Gasco site impact is likely to be small 

relative to other contaminants, biological assessments downstream of the Gasco site may 

not be useful. The most productive approach will probably be to estimate quantities of 

contaminants that may enter the river from the site, and project the impacts those 

contamjnants may have on river life. The Environmental Evaluation will be conducted 

according to available guidance from the national and regional EPA offices (EPA, 

1992bll; EPA, 1989b12). An EPA Region 10 environmental evaluation guidance document 

11U.S. EPA, A Framework for Ecological Risk Assessment, EPA 6301R-921001, (1992b) 

12U.S. EPA, Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory 
Reference, EPAl60013-89/013, (1989b) 
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is scheduled for publication in the spring of 1995. The Environmental Evaluation will be 

defined in greater detail when that document is available. 

10.0 FEASmn.lTY STUDY WORK PLAN 

The Feasibility Study will evaluate the potentially feasible remedial action alternatives 

that will meet the remedial goals, as appropriate, for the various contaminated media at the 

site. 

Development and evaluation of remedial action alternatives and the remedy selection 

process will be conducted in accordance with OAR 340-122·080 and 090, as interpreted and 

applied consistent with the pld"pOSe and intent of ORB 465.315(1) as amended by Section 1 of 

HB 3352 as enacted by the 68th Legislative Assembly (1995), to the maximum extent 

practicable within the bounds of the existing rules of the Environmental Quality 

Commission, as may be amended or supplemented. 

The Feasibility Study will include the following tasks: 1) development and screening of 

alternatives, 2) treatability investigations, if necessary, and 3) detailed analysis of 

alternatives. Guidance for perfo~ the Feasibility Study will be taken from the EPA's 

Guidance for Conducting Remedial Investigations and FeasibilUy Studies Under 

CERCLA.13 

10 1 neye10pment and Screenjng of Alternatiyes 

The development and screening of alternatives will be an important first step in the 

Feasibility Study process. The purpose of this task is to 1) define the remedial action 

objectives, 2) identify an appropriate range of remedial action alternatives that will meet 

those objectives, and 3) screen the range of appropriate alternatives. Prior to completing 

1SU.S. EPA, Guidance for Conducting Remedial Investigations and Feasibility Studies 
Under CERCLA, Interim Final, OSWER Directive 9355.3-01 (October 1988). 
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the Remedial Investigation, a preliminary screening of remedial technologies will be 

performed to assess which technologies may be the most appropriate for the site. The results 

of the preliminary screening of remedial technologies will be presented in the Phase I RI 

Letter Report. 

Information gathered during the Phase I investigation and Endangerment Assessment 

will be used to modify the development of alternative remedial options. The preliminary 

screening of remedial alternatives will also be used to focus the Phase II investigation. 

The remedial action alternatives will be developed by assembling combinations of 

technologies, and the media to which they are to be applied, into alternatives that will 

address contamination at the Gasca site. This development and screening process will 

consist of si>.. general steps, as outlined by EPA, 1988: 

1) Develop Remedial Action Objectives - Remedial action objectives will be developed by 

specifying the affected media, exposure pathways, and preliminary remediation goals. 

The preliminary remediation goals will be developed based on the risk factors from the 

Endangerment Assessment, and any legally applicable or relevant and appropriate 

requirements (ARARs). 

2) Develop General Response Actions - General response actions will be developed for each 

media defining the actions that may be taken to satisfy the remedial action objectives 

for the site. The general response actions at the site may include: 1) containment of 

hazardous substances to prevent or reduce migration, 2) prevention of exposure to 

hazardous substances by institutional or engineering controls, 3) removal, treatment, 

and/or disposal of high concentration deposits of hazardous substances, or 4) any 

combination of these options. 

3) Identify Volumes or Areas of Affected Media - The volumes and areas of affected media 

that will require general response actions will be identified. Risk-based reference 

standards developed from the Endangerment Assessment will be used in conjunction 

with the chemical and physical characterization of the site to delineate the areas and 

volumes that will require response actions. 
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4) Identify and Screen Remedial Technologies and Process Options - The remedial 

technologies that are applicable to each general response action will be identified. The 

process options that are applicable to each technology type are also identified. The 

applica1:>le technologies and process options will be screened to eliminate those that 

cannot be implemented technically at the site. Potential remedial technologies that will 

. be considered in the Feasibility Study, grouped by general reSponse action, will include, 

but not be limited to, the following: 

• Containment Response Action 

Capping 

Gradient control 

Stabilization/solidification 

Vertical or horizontal barriers 

• Prevention of Exposure Response Action 

Capping 

Institutional controls 

Other engineering controls 

• Removal or Collection Response Action 

Excavation and removal 

Groundwater extraction 

Soil washing 

Product recovery 

Vapor extraction 

• Treatment and/or Disposal Response Action 

Biological treatment 

Chemical treatment 

Physical treatment 

Thermal treatment 

Landfill disposal 

On-site disposal 

--~.-------.-.. -
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5) Evaluate Process Options - The identified technology process options will be evaluated to 

select a representative procesS option for each technology type. At this point, the process 

options are evaluated based generally on cost, effectiveness, and implementability. 

6) Assemble and Screen Alternatives - The general response aetions- and representative 

- process options will be assembled into alternatives representlng a range of possible 

remedial actions for the various media at the site. If a number of remedial action 

alternatives are identified as appropriate at the Gasco site, then the alternatives will be 

screened to reduce the number of alternatives that will be analyzed in detail. The 

screening process will include an evaluation of the interactions of the media to the 

various technologies and the protection afforded by each. The alternatives will also be 

evaluated based on site-specific criteria for cost, effectiveness, and implementability. 

10 2 TreatabjJjty Ipyestigations 

If necessary, treatability studies will be conducted to provide sufficient data to allow for a 

detailed evaluation of the remedial action alternatives, and to support the remedial design 

of the selected alternative. Treatability studies can reduce performance and cost 

uncertainties to levels that will allow for a selection of a remedial action. Treatability 

studies may include bench tests and/or pilot seale tests. 

10 3 Detailed Anglysis of AlterngtivM 

Following the development and screening of the remedial alternatives, a detailed 

analysis will take place in order to select or approve ~e final remedy. The objective of the 

detailed analysis ie-will be to compare and contrast screened alternatives, and their 

advantages and disadvantages, with respect to the remedial goals. The detailed analysis 
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will take into consideration, as appropriate and in accordance with the second paragraph 

of Section 10.0, the following evaluation criteria. 

• Protection of human health and the environment 

• Use of permanent solutions, alternative technologies or resource recovery 

technologies, or hot spot treatment 

• Cost-effectiveness and cost-reasonableness 

• Short-term and long-term. effectiveness in achieving protectiveness 

• Technical and practical implementability 

• Current ~d reasonably anticipated future land uses 

Information from any treatability studies and the Remedial Investigation will -tHee be 

incorporated into the detailed analysis of the alternatives. The key' advantages and 

disadvantages of each alternative will be integrated with a risk assessment for the site to 

select the preferred remedial alternative. The results of the detailed analysis will provide 

the basis for identifying the preferred alternative. 
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GLOSSARY OF ABBBEVlATIONS 

ARARs 
bgs 
BTEX 
BTU 
Camp Dresser 
CFR 
CPF 
Decision Focus 
DEQ 
DNAPLs 
EM -
EPA 
ESC 
GPR 
GPS 
H2S 
HAl 
ID 
Koppers 
LNAPLs 
LNG 
NHS 
NWNG 
OAR 
OD 
ORS 
OSHA 
OWRD 
PAHs 
PNO 
ppm 
PVC 
QAPP 
QAlQC 
QC 
RfC 
Rm-
RIIFS 
SAP 
SPT 
TOC 
TCLP 
TPH 
USCS 
Wacker 

applicable or relevant and appropriate requirements 
below existing ground surface 
benzene, toluene, ethylbenzene, and xylenes 

. British Thermal Unit 
Camp Dresser & McKee Inc: 
Code of Federal Regulatio08 
cancer potency factor 
Decision Focus Incorporated 
Oregon Department of Environmental Quality 
dense non-aqueous phase liquids 
electromagnetic method 
U.S. Environmental Protection Agency 
Expedited Site Characterization 
ground penetrating radar 
Global Positioning System 
hydrogen sulfide 
Hahn and Associates, Inc. 
inside diameter 
Koppers Company, Inc. 
light non-aqueous phase liquids 
liquefied natural gas 
Ammonia 
Northwest Natural Gas Company 
Oregon Administrative Rules 
outside diameter 
Oregon Revised Statute 
Occupational Safety and Health Administration 
OregOn Water Resources Division 
polynuclear aromatic hydrocarbons 
Pacific Northem Oil Company 
parts per million 
polyvinyl chloride 
Quality Assurance Project Plan 
quality assurance/quality control 
quality control 
Reference Concentration 
Reference Dose 
Remedial Investigation/Feasibility Study 
Sampling and Analysis Plan 
Standard Penetration Test 
total organic carbon 
Toxicity Characteristic Leaching Procedure 
total petroleum hydrocarbons 
Unified Soil Classification System 
Wacker Siltronic Corporation 
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TABLE 1 ~ Summary of Potential Source Areas ab.d Contaminants of Concern 

RIIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Potential Source Area Hazardous Materials 

• Retort Area Tar 

• Tar Processing Area Tar 

• Light Oil Plant Light Oil 
Motor Fuels 

• Koppers Plant Creosote 

Coal Tar Pitch 
Pencil Pitch 

• Naphthalene Plant Naphthalene 

• Coke Oven Area Coke 

Tar 

• Pitch Plant Tar 

Pitch 
Creosote 

• Oxide Reactor Area Spent Oxide 

• PNO Tank Farm Diesel Fuel 

Bunker Fuel 

• Lampblack Storage Area Lampblack 

Other 

• Spent Oxide Storage Area Spent Oxide 

• Settling PondslFill Area Tar 

Spent Oxide 
Lampblack 
Wastewaters 

Other 

• Koppers Land Treatment Area Wastewaters 

BTEX = benzene, toluene, ethylbenzene, and xylenes 

H2S = hydrogen sulfide 
PAHs = polynuclear aromatic hydrocarbons 

Updated: 812195 REB 
File: 2708-01 Source Area 

-

Project #2708 

Predicted Contaminants oj Other Potential 
Concern Contaminants 

PAHs,TPH Metals 

PAHs,TPH Metals 

BTEX. PAHs, Phenols, TPH Metals 

BTEX. PAHs, TPH, Lead Metals 

PAHs, Phenols, TPH Metals 

PAHs,TPH Metals 
PAHs,TPH Metals 

PAHs,TPH Metals 

PAHs,TPH Metals 

PAHs,TPH Metals 

PAHs,TPH Metals 

PAHs,TPH Metals 
PAHs, Phenols, TPH Metals 

Cyanide H2S, Ammonia 

PAHs,TPH Metals 

PAHs,TPH Metals 

PAHs,TPH Metals 

Pesticides & Solvents 

Cyanide H2S 

PAHs,TPH Metals 

Cyanide H2S 
PAHs,TPH Metals 
BTEX, PAHs, Phen()ls, TPH, 

Metals Lead 
Pesticides & Solvents 

PARs, Phenols, TPH Metals 

PNO = Pacific Northem Oil 

TPH =total petroleum hydrOcarbons 

HAHN AND ASSOCIATES. INC. 
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TABLE 2 - Summary of Analytical Parameters 

RIIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Analytical Parameters 

Primary Parameters 

• Polynuclear Aromatic Hydrocarbons (PARs) 

• Volatile Aromatic Hydrocarbons 

Benzene, Toluene, Ethylbenzene, & Xylenes (BTEX) 

• Total Petroleum Hydrocarbons (TPH) 

Gasoline 
Diesel 
Oil, Bunker, Tar 

• Phenols 

• Lead (Pb) 
Total & Dissolved 
Leachable 

• Cyanide, Total & Amenable 

Secondary Parameters 

• Hydrogen Sulfide (H2S) 
Sulfides 
Sulfate 

• Ammonia (NH3) 

• Chlorinated Solvents or VOCs 

• Chlorinated Pesticides 

• Priority Pollutant Metals 
Ag, As, Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Tl, Zn 

Feasibility Study Parameters 

• Alkalinity 

• Hardness 

• Iron & Manganese 

• Nitrate & Nitrite 

• Phosphate, ortho 

• Total Organic Carbon (TOC) 

• Temperature, Conductivity, & pH 

• BTU Content 

Note: 
DEQ = Oregon Department of Environmental Quality 

EPA = U.S. Environmental Protection Agency 
HelD = hydrocarbon identification 

Updated: 812195 REB 
File: 2708-02 Analytical Params 

Project #2708 

Matrix Analytical Methods 

Soil & Water EPA Method 8270 S1M Mode 

Soil & Water EPA Method 8020 

Soil DEQ Method TPH-HCID 
Water EPA Method 418.1 
Soil DEQ Method TPH-G 
Soil DEQ Method TPH-D 
Soil DEQ Method TPH-418.1M 

Soil & Water EPA Method 8040 

Soil & Water EPA Method 6010 or 200.7 
Soil EPA Methods 1311 (TCLP) and 6010 

Soil & Water EPA Method 9010 

Water EPA Method 9030 
Water EPA Method 9038 

Water EPA Method 350.3 

Water EPA Method 8260 

Water EPA Method 8080 

Water EPA Methods 6010 and 7000 Series 

Water EPA Method 310.1 

Water EPA Method 200.7 

Water EPA Method 200.7 

Water EPA Method 300.7 

Water EPA Method 365.2 

Water EPA Method 415.1 

Water Field Measurement 

Tar ASTM Method 0-2015 

SIM = single ion monitoring 
TCLP = Toxicity Characteristic Leaching Procedure 

VOCs = volatile organic compounds 

HAHN AND ASSOCIATES, INC. 
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Table 3 - Sampling and Analytical SUIIlIIl8ry for Soil Borings 
Phase I InVestigatiOD 

RlIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Soil Boring Potential Source Area 
Number 

B-l Spent Oxide Storage Area 

B-2 Spent Oxide Storage Area 

B-3 Spent Oxide Storage Area 
PNO Tank Farm 

B-4 Former Oxide Reactor Area 
PNO Tank Farm 

B-5 Former Oxide Reactor Area 

B-6 PNO Tank Farm 

B-7 PNO Tank Farm 

B-8 PNO Tank Farm 

B-9 PNO Tank Farm 

B-IO PNO Tank Farm 

B-ll Former Retort Area 

B-12 FonDer Retort Area 

B-13 Former Retort Area 

B-14 Former Retort Area 

B-l5 Former Retort Area 

B-16 Former Retort Area 
Former Tar Processing Area 

B-17 Former Tar Processing Area 

B-18 Former Tar Processing Area 
Light Oil Plant 

B-19 Former Tar Processing Area 
Light Oil Plant 

B-20 Light Oil Plant 

B-21 Light Oil Plant 

B-22 Light Oil Plant 

B-23 Light Oil Plant 
Former Pitch Plant 

B-24 Former Pitch Plant 

B-25 Former Pitch Plant 

B-26 Former Coke Ovens 

B-27 Former Koppers Land 
Treatment Area 

Updated: 6121/95 REB 
File: 2708-03 Soil SAP 

Estimated Soil Sample 
Depth of Interval . 

(feetbgs) (feet) 

20 2.5 

20 2.5 

20 2.5 

20 Continuous 

20 2.5 

20 2.5 

20 2.5 

20 Continuous 

20 2.5 

20 Continuous 

20 2.5 

20 2.5 

20 CoIitinuous 

20 2.5 

20 2.5 

20 Continuous 

20 2.5 

20 2.5 

20 Continuous 

20 2.5 

20 2.5 

20 2.5 

20 Continuous 

20 2.5 

20 Continuous 

20 2.5 

20 2.5 

Estimated 
Samples 

Selected for 
Analyses 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

= ~ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Projeet # 2708 

ADalytica1 Parameters 

~ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

i ~ "CS 

~ 
c: CIS 
Qj j .c: 
=-

PP 

PP 

• • PP 

• • • 
X 

X 

X • • 
X 

X 

X X 

X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 
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Table 3 - Sampling aDd Analytical SUJDJIUU'Y for Soil Borings 
Phase I Investigation 

RJJFS Work Plan 
Northwest Natural Gas Company Gasco Fac:ility 
7900 NW St. Helens Road 
Portland, Oregon 

Soil Boring Potential Source Area 
Number 

B·28 
Former Koppers Land 
Treatment Area 

B-29 Lampblack Storage!Fill Area 

B-30 Lampblack Storage!Fill Area 

B-31 Lampblack Storage!Fill Area 

B-32 Former Settling Ponds 

B-33 Former Settling Ponds 

B-34 FonDer Settling Ponds 

B-35 Former Settling Ponds 

MW·l Spent Oxide Storage Area 

MW-2 PNO Tank Farm 

MW·3 PNO Tank Farm 

MW-4 Lampblack StoragelFill Area 

MW·5 Lampblack StoragelFill Area 

MW-6 Former Retort Area 

MW·7 Lampblack StoragelFill Area 

MW·8 Former Settling Ponds 

MW·9 Former Retort Area 

MW·I0 Former Naphthalene Plant 

MW·ll 
Former Koppers Land 
Treatment Area 

MW·12 Light Oil Plant 
Former Tar Loading Area 

Total 47 

Estimated 
.. Depth of 

(ieetbgs) 

20 

20 

20 

20 

20 

20 

20 

20 

25 

25 

25 

50 

25 

50 

50 

50 

25 

25 

50 

50 

1,150 

NOTE: • = parameters selected for Endangerment Assessment 

bgs = below ground surface 

BTEX = benzene, toluene, ethylbenzene, and xylenes 

Updated: 6/21/95 REB 
. File: 2708·03 Soil SAP 

Soil Sample 
Interval 

(feet) 

Continuous 

2.5 

Continuous 

Continuous 

2.5 

2.5 

2.5 

2.5 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Project , 2708 

Estimated 
Analytical Parameters Samples 

Selected for i Analyses = OIl· ~ ~ 

~ E c: 10 e: QI j .r:: 
g.. 

2 X X X X X 

2 X X 

2 X X • • • 
2 X X • • • 
2 X X 

2 X X • • • 
2 X X 

2 X X 

2 X 

2 X X * • * 

2 X X 

2 X X • • * 

2 X X 

2 X X X 

2 X X 

2 X X 

2 X X X 

2 X X X X X 

2 X X X X X 

2 X X X X X 

94 47 43 2:1 22 22 

PAlls = polynuclear aromatic hydrocarbons 

PP = analysis for Priority Pollutant metals 

TPH = total petroleum hydrocarbons 

X = parameters selected based on source area 
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TABLE 4· Sampling and Analytical Summary for Temporary Well Points 
Phase I Investigation 

RIIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon HAl Project # 2708 

Soil Boring Soil Boring Location Estimated Analytical Parameters 
Number Screened 

B·l Fonner Spent Oxide Storage Area, PNO Tank Fann 

B·5 Fonner Oxide Reactor Area, PNO Tank Fann 

B·8 PNO Tank Fann 

B·16 Fonner Retort and Tar Processing Areas 

B·17 Fonner Tar Processing Area 

B·19 Light Oil Plant 

B·20 Light Oil Plant 

B·21 Light Oil Plant 

B·22 Light Oil Plant 

B·23 Light Oil Plant 

B·24 Fonner Pitch Plant 

B·25 Fonner Pitch Plant 

B-26 Fonner Coke Ovens 

B·28 Fonner Koppers Land Treatment Area 

B·29 Lampblack StoragelFill Area 

B·31 Lampblack StorageIFill Area 

TOTAL 

NOTE: • = Analysis for PAHs win be performed ifTPH is detected 
bgs = below ground surface 
BTEX = benzene, toluene, ethylbenzene, and xylenes 

Updated: Sfl/95 REB 
File: 2708·04 Wel1 Pt SAP 

Interval 
(feet bgs) TPH PARs BTEX 

15 - 20 X • X 

15 - 20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15·20 X • X 

15 - 20 X • X 
-

15 - 20 X • X 

15·20 X • X 

15 - 20 X • X 

15·20 X • X 

15·20 X • X 

16 16 16 

H2S = hydrogen sulfide (by sulfides and sulfates) 
NH3 = ammonia 

Phenols Cyanide H2S NB3 

X X X 

X X X 

X 

X i 
I 

X 
- I 

X 

X 

X 

X 

---------

X 

X 

X X 

9 3 3 2 

PABs = polynuclear aromatic hydrocarbons 
TPH = total petroleum hydrocarbons 
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TABLE 5 .• Sampling and Analytical Summary for Proposed Monitoring Wells 
Initial Sampling Event 
RIIFS Work Plan 
Northwest Nstural Gas Company Gasco Facility 
7900 NW St, Helens Road 
Portland, Oregon 

Proposed Rationaltoi' Monitoring Well Location Monitoring 
Well 

Number 

MW·l 
Down.gradient of Former Spent Oxide Storage Area; immediately 
up-gradient of Willamette River 

MW-2 Down-gradient of Former Oxide Reactor Area and PNO Tank 
Farm; immediately up-gradient of Willamette River 

MW-3 Down-gradient of PNO Tank Farm; immediately up-gradient of 
Willamette River 

MW-4-25 Down·gradient of Lampblack StorageIFilI Area and Former, 
Settling Ponds; immediately up-gradient oCWillamette River 

MW-4·50 
Investigate for DNAPLs down-gradient of Former Settling Ponds; 
determine vertical hydraulic gradient 

Down-gradient of Former Settling Ponds; immediately up-gradient MW-5 
of Willamette River 

MW-6-25 Down-gradient of Former Retort Area 

MW-6-50 Investigate for DNAPLs down-gradient of Former Retort Area; 
determine vertical hydraulic gradient 

MW-7-25 
Down-gradient of LNG Containment Basin, Former Naphthalene 
and Light Oil Plants, and Former Tar Processing Area 

Investigate for DNAPLs down-gradient of Former Naphthalene 
MW-7-50 and Light Oil Plants and Former Tar Processing Area; determine 

vertical hydraulic gradient 

MW-8-25 Down-gradient of Former Settling Ponds and Koppers Land 
Treatment Area 

-- --~--- .. _------ ---- ---- ---- --

UDdated: 6/21/95 REB 
File: 2708-05 MW SAP 

Estimated 
Well Depth 
(feetbgs) 

25 

25 

25 

25 

50 

25 

25 

50 

25 

50 

25 
--

Estimated 
Screened 
Interval 

(feet blS) 

~ 

10-25 X 

10-25 X 

. 10-25 X 

10-25 X 

-

40-50 X 

·10-25 .X 

10-25 X 

40-50 X 

10-25 X 

40-50 X 

10·25 X 
- .. -

HAl Project II 2708 

Analytical Parameters for Groundwater Sampling 

*. 

~ B 
;!I -3 ] 0 

l ~ '3 
~ 

X X X X 

X X X X 

X X X 

X X X X 

X X X X 

X X X X 

--I-
X X X X X 

X X X X X 

t-

X X X 

X X X 

1-

X X X X 

i 
~ 
t 
•• 

•• 

•• 

•• 

•• 

.. 
--

•• 

•• 
--

•• 
--

•• 
--

•• 

l .. 
I ~ ~ '0' i'·· 

11. 

X X 

X X 

--
X 

X 

X X X 

----t---
X X 

----
X X 

----t--. --.. 

----t----

'------ -_. 
X 
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TABLE fi • Sampling and Analytical Summary for Proposed Monitoring Wells 
Initial Sampling Event 

RUFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

., 
i 

HAl Project II 2708 

Proposed Rational for Monitoring Well Location Estimated Estimated Analytical Parameters for Groundwater Samplin, 
Monitoring Well Depth Screened 

Well 
Number 

MW-8·50 

MW·9 

MW·IO 

MW·ll·25 

MW~11-50 

MW-12·25 

MW·12·50 

TOTAL 

NOTE: 

Investigate for DNAPLs down-gradient of Former Settling Ponds 
and Koppers Land Treatment Area; determine vertical hydraulic 
gradient 

Posalble up·gradient shallow well for the property 

At Former Naphthalene Plant; down·gradient oC Light Oil Plant 

Down-gradient of Former KOppers Land Treatment Area and 
Former Pitch Plant 

Investigate ror DNAPLs down-gradient oC Former Koppers Land 
Treatment Area and Former Pitch Plant; determine vertical 
hydraulic gradient 

At Tar Loading Area; p088ible up-gradient shallow well for the 
property 

Possible up·gradient deep well for the property; determine vertical 
hydraulic gradient 

.. _--

bgs = below ground surface 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
CVOCs = chlorinated volatile organic compounds 
DNAPLs = dense non-aqueous phase liquids 
EPA = U.S. Environmental Protection Agency 

(feetb,s) Interval 
(teet bgs) 

~ ~ 
50 40·50 X X 

25 10-25 X X 

25 10·25 X X 

25 10-25 X X 

50 40-50 X X 

25 10·25 X X 

50 40-50 X X 

600 . 18 18 

H2S = hydrogen sulfide (by sulfides and sulfates) 
NH3 = ammonia 
PAHs = polynuclear aromatic hydrocarbons 
PP = priority pollutant 
TPH = total petroleum hydrocarbons 

• = If total lead is detected, then analysiS for dissolved lead will also be performed. 

~ i -8 

~ .8 
Il. 

X X 

X 

X X 

X 'X 

-i-

X X 

X 

X 

18 5 9 
._- ~ -~--

•• = analysis for PP metals will depend on results of other parameter tests; only the 8 most contaminated monitoring wells will be analyzed 

Updated: 6/21195 REB 
FOe': 2708-05 MW SAP 

• 
i ] :; 

] 
,~ t 
X •• 

X •• 

X •• 

X •• 
-- -

X •• 

X •• 

X •• 

18 18 
'-.-. --

l III 
Ul 

~ ~ 
·0 ; r·· 
!:l. 

X X X 

f--I 
-

-- -------, 

X X 

'1- --. 

9 " 3 3 
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Table 6 . Sampling and Analytical Summary for Surface Water 
Phase I Investigation 

RIfFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon Project # 2708 

Sample Location 
Analytical Parameters Number 

== ~ g.. 
E-< 

SW-l Northern Settling Pond X X 

SW-2 Northern Settling Pond X X 

SW-3 Southern Settling Pond X X 

SW-4 Drainage Ditch; Down-Stream X X 

SW-5 Drainage Ditch; Up-Stream X X 

Total -5 5 

NOTE: * = Analysis for PARs will be performed ifTPHisdetected 

BTEX = benzene, toluene, ethylb!,!nzene, and xylenes 

PAHs = polynuclear aromatic hydrocarbons 

Updated: 8/2195 REB 
File: 2708-06 SW SAP 

TPH = total petroleum hydrocarbons 

e = 
X 

X 

X 

X 

X 

5 

"C 
as :s 
X 

X 

X 

X 

X 

5 
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Table 7 - SampUng and Analytical Summary for Sediments 
Phase I Investigation 

RIIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Sample 
Number 

SD-l 

SD-2 

SD-3 

SD-4 

SD-5 

SD-6 

SD-7 

SD-8 

SD-9 

SD-IO 

Sn:.ll 

SD-12 

SD-13 

SD·14 

Total 

NOTE: 

Location Estimated 
. Sample 

.. " 

Depths ." 
(feetbss) '. 

Northern Settling Pond 0.25 and 2.5* 

Northern Settling Pond 0.25 and 2.5* 

Southern Settling Pond 0.25 and 2.5* 

Willamette River @ Gasco 0.25 and 2.5* 
Down-Stream 

Willamette River @ Gasca 
0.25 and 2.5* 

Down-Stream 

Willamette River @ Gasco 0.25 and 2.5* 
Mid-Stream 

Willamette River @ Gasca 
0.25 and 2.5* Mid-Stream 

Willamette River @ Gasco 
0.25 and 2.5* 

Up-Stream 

Willamette River @ Gasca 
0.25 and 2.5* 

Up-Stream 

Willamette River @ Wacker 
0.25 and 2.5* 

Up-Stream Background 

Willamette River @ Wacker 
0.25 and 2.5* 

Up-Stream Background 

Willamette River @ Atochem 
0.25 and 2.5* Up-Stream Background 

Willamette River @ Atochem 
0.25 and 2.5* Up-Stream Background 

Willamette River @ Atochem 
0.25 and 2.5* Up-Stream Background 

bgs = below sediment surface 

BTEX = benzene, toluene, ethylbenzene, and xylenes 

PAHs = polynuclear aromatic hydrocarbons 

Samples 
Selected for 
'Analyses .•.. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

28 

Project ## 2708 

Analytical Parameters 

= .. ~ oa 0 
c:l.. .~ ~ III 

~ E- •.. 'Q.. a:I j 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

14 14 14 14 14 

TOC = total organic carbon 

TPH = total petroleum hydrocarbons 

• = one sample to be selected from oxygenated zone and one sample to be selected based on field observations 

Updated: 6121/95 REB 
. File: 2708-07 Sed SAP 
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TABLE 10 

Sample Container, Preservation, and Holding Time Requirements 

RIIFS Work Plan 

Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

.!ortland, Oregon 

"",:.'. '."""",.' 

[I . .. ::: ..... ; 

SOIL & SEDIMENT SAMPLES 

DEQ Methods TPH·HCID, TPH·G, TPH.D, TPH·418.1M 

Total Petroleum Hydrocarbons (TPH) 

EPA Method 8020 

Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX) 

EPA Method 8270 Modified 

Polynuclear Aromatic Hydrocarbons (PARs) 

EPA Method 8270 

Phenols, Cresols 

EPA Method 6010 

Total Lead 

EPA Method 1311 (TCLP) & 6010 

Leachable Lead 

EPA Method 9010 

Cyanide, Total & Amenable 

EPA Method 416.1 

Total Organic Carbon (TOC) 
~~-.------- ------ ------

NOTE: 
-C = degrees centigrade 

DEQ = Oregon Department of Environmental Quality 

EPA = U.S. Environmental Protection Agency 
GC = gas chromatography 
ICPES = Inductively Coupled Plasma Emission Spectroscopy 

Updated: 8fl/95 REB 
File: 2708·10 Smpl Container copy 

1IIItlii'II~1I 
;:::;:::::::::::::::::::::;:;:::;:::::;:;:::;:;:;:::;:;:;:::::::;: 

GC Soil 

GCIPID Soil 

GCIMSSIM Soil 

GCIMS Soil 

ICPES Soil 

ICPES Soil 

SPM Soil 

Oxidation IR Soil 

MS = mass spectroscopy 

PID = photoionization detector 
SIM = selective ion monitoring 
SPM = spectrophotometric 

,:"",,"':::':','3,': 

(1 ) 9-ounce glass jar 

(1) 4·ounce glass jar 

(1) 9·ounce glass jar 

(1) 9-ounce glass jar 

(1) g·ounce glass jar 

(1) 9·ounce glass jar 

(1) g·ounce glass jar 

(1) g·ounce glass jar 

TCLP = to~icity characteristic leaching procedure 

Cool to4 C 

Cool to4 C 

Cool to4 C 

Cool to4 C 

Cool to4 C 

Cool to4C 

Cool to4C 

Cool to4 C 

_i 

Project 1# 2708 

i~llllliliii'i!i!ili.;!ii;"·lii. 
7days 

14 days 

7 days to extraction 

40 days to analysis 

7 days to extraction 

40 days to analysis 

6 months 

6 months 

As soon as possible 

28 days 

Page 1 of3 
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TABLE 10 

Sample Container, Preservation, and Holding Time Requirements 

RIIFS Work Plan 

-Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

Portland. Oregon 

::0;0: !:li!l~ I 
WATER SAMPLES 

EPA Method 418.1 

Total Petroleum Hydrocarbons (TPH) 

EPA Method 8020 

Benzene. Toluene. Ethylbenzene. and Xylenes (BTEX) 

EPA Method 8080 

Chlorinated Pesticides 

EPA Method 8260 

Volatile Organic Compounds (VOCs) 

EPA Method 8270 Modified 

Polynuclear Aromatic Hydrocarbons (PAHs) 

EPA Method 8270 

Phenols. Cresols 

EPA Method 200_7 

Priority Pollutant Metals. Total 

EPA Method 200.7 

Priority Pollutant Metals. Dissolved 

EPA Method 9010 

Cyanide. Total & Amenable 

EPA Method 376.1 

Sulfides 

Updated: 8f2/95 REB 
File: 2708-10 Smpl Container copy 

;11~!:I!:I~Ni 

IR Water 

GC /PID Water 

GC tECD Water 

GC IMS Water 

GC IMSSIM Water 

IMS GC Water 

IC PESlAA Water 

IC PESlAA Water 

field-filtered 
0.45 micron 

SPM Water 

Tit rimetric Water 

III~ !1~iil!llil!i 

(1) l,OOO-ml amber glass bottle 

(3) 40-ml VOA vials 

(1) l,OOO-ml amber glass bottle 

(3) 40-ml VOA vials 

(1) l,OOO-ml amber glass bottle 

(1) l,OOO-ml amber glass bottle 

(1) 500 ml plastic bottle 

(1) 500 ml plastic bottle 

(1) 500 ml plastic bottle 

(1) 500 ml plastic bottle 

Project # 2708 

illlJt~ .,.",.,.,., ~!!!!:.lii!i!i!l:i!!:·!III:il·i·i! 
~'J 

Cool to4C 28 days 
I 

H2S04 pH<2 

Cool to4 C 14 days 

HCI pH<2 

Cool to4 C 7 days to extraction 

40 days to analysis 

Cool to4 C 14 days 

HCI pH<2 I 
Cool to4 C 7 days to extraction 

H2S04 pH<2 40 days to analysis 

Cool to4C 7 days to extraction 

H2S04 pH<2 40 days to analysis 

Cool to4C 6 months 

HN03 pH<2 

Cool to4C 6 months 

HN03 pH<2 

Coolto4 C 14 days 

NaOH pH>12 

Cool t04 C 7 days 

NaOH pH>9 
2 ml Zn Acetate 

Page2oC3 
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TABLE 10 
...sample Container, Preservation, and Holding Time Requirements 

RIfFS Work Plan 

Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

Portland. Oregon 

IPhosphate. ortho 

Organic Carbon (TOC) 

NOTE: 
M :: atomic absorption 
C = degrees centigrade 
ECD = electron capture device 
EPA = U.S. Environmental Protection Agency 
GC :: gas chromatography 

H2S04:: sulfuric acid 

Updated: 812195 REB 
File: 2708-10 Smpl Container copy 

Project # 2708 

Turbidimetric 

ICPESlAA Water 1) 500 ml plastic bottle 

ICPESlAA 1) 500 ml plastic bottle 

1) 500 ml plastic bottle 2 days 

1) 500 ml plastic bottle 14 days 

1) 500 ml plastic bottle 28 days 

1) 500 ml plastic bottle 2 days 

1) I.OOO-mi amber glass bottle 28 days 

HCl :: hydrochloric acid 

HN03 = nitric acid 
ICPES = Inductively Coupled Plasma Emission Spectroscopy 
IR :: infrared 

ml = milliliter 
MS = mass spectroscopy 

NaOH:: sodium hydroxide 
PIO = photoionization detector 
81M = selective ion monitoring 
8PM = spectrophotometric 

TCLP = toxiCity characteristic leaching procedure 
, VOA:: volatile organic analyses 

Page30f3 
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TABLE 11· Sample Containers Required Per Sample 
Phase I Investigation 

RIIFS Work Plan 

Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

Portland, Oregon 

Nilliilirp[ 
Carililrliii 
:'Ii$.ijitia:~:~ 'f' :"",':':,:' 

Soli Sample 9-ounce glass sample jar 

1 with Teflon-lined lid 

9-ounce glass sample jar 

1 with Teflon-lined lid 

1 4-ounce glass sample jar 
with Teflon-lined lid 

Sediment Sample 1 9-ounce glass sample jar 

with Teflon-lined lid 

1 9-ounce glass sample jar 

with Teflon-lined lid 

Groundwater Sample 

from Temporary Well Point 3 I-liter amber glass bottle 

3 40-ml VOA vials 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 
--

Uodated: 812195 REB 
File: 2708-11 Container/smpl 

Preservative 

None 

None 

None 

None 

None 

H2S04, pH<2 

HCl pH<2 

NaOH pH>12 

NaOH pH>12 
2 ml Zn Acetate 

None 

, 

H2S04 pH<2 

Filtering Analytical Parameters Requirements 

Not applicable TPH 

PAHs 

Phenols' 

Not applicable Total Lead 

Leachable Lead 

Cyanide 

Not applicable BTEX 

Not applicable PAHs 

BTEX 

Not applicable Total Lead 

TOC 

TPH 

Unfiltered PAHs 

Phenols 

Unfiltered BTEX 

Unfiltered Cyanide 

Unfiltered Sulfides 

Unfiltered Sulfate 

Unfiltered Ammonia 
- ----

Project II 2708 

Analytical Methods 

DEQ TPH Methods 

EPA8270SIM 

EPA 8270 

EPA 6010 

EPA 1311 (TCLP), 6010 

EPA 9010 

EPA 8020 

EPA 8270 SIM 

EPA 8020 

EPA 6010 

EPA 415.1 

EPA 418.1 

EPA8270SIM 

EPA 8270 

EPA 8020 

EPA 9010 

EPA 376.1 

EPA 375.4 

EPA 350.3 
----

Page 1 0(3 
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TABLE 11· Sample Containers Required Per Sample 
Phase I Investigation 

RIIFS Work Plan 

Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

Portland, Oregon 

"""""""",,, 

IF."liI~' 
Groundwater Sample 

from Monitoring Well 4 I-liter amber glass bottle 

1 I-liter amb'er glass bottle 

S 40-ml VOA vials 

1 500-ml plastic bo.ttle \ 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

1 500-ml plastic bottle 

Updated: 812195 REB 
File: 2708-11 Container/smp) 

Preservative 

H2S04 pH<2 

None 

HC) pH<2 

HN03 pH<2 

HN03 pH<2 

NaOH pH>12 

NaOH pH>12 
2 ml Zn Acetate 

H2S04 pH<2 

None 

None 

Filtering 
Requirements Analytical Parameters 

TPH 

Unfiltered PAHs 

Phenols 

TOC 

Unfiltered Chlorinated Pesticides 

Unfiltered BTEX 

VOCs 

Total Priority Pollutant Metals 

Unfiltered Total Iron & Manganese 

Hardness 

Field-Filtered Dissolved Priority Pollutant 
0.45 micron Metals 

Unfiltered Cyanide 

Unfiltered Sulfides 

Unfiltered Ammonia 

Nitrate & Nitrite 

Sulfate 

Unfiltered Alkalinity 

Field-Filtered Phosphate, ortho 
0.45 micron 

'j 

Project 1# 2708 

Analytical Methods 

EPA 418.1 

EPA 8270 81M 

EPA 8270 

EPA 415.1 

EPA 8080 

EPA 8020 

EPA 8260 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 9010 
I 

EPA 376.1 

EPA 360.3 

EPA 353.1 

EPA 375.4 

EPA310.1 

EPA 365.2 
._-

Page2of3 
Hahn and Associates, Inc. 

I 

J 



S 
'0 
'0 
CD 
~ 
o 
N 
N 
N 
-..J 
.....lo. 

TABLE 11· Sample Containers Required Per Sample 
Phase I Investigation 

RIIFS Work Plan 

Northwest Natural Gas Company Gasco Facility 

7900 NW St. Helens Road 

Portland, Oregon 

Surface Water Sample 

Uodated: 812195 REB 

plastic bottle 

NOTE: BTEX .. benzene, toluene, ethylbenzene, and xylenes 
DEQ .. Oregon Department of Environmental Quality 

EPA .. U.S. Environmental Protection Agency 

H2SO4 = sulfuric acid 
HCl .. hydrochloric acid 
HN03 .. nitric acid 

rn1 .. milliliter 

NaOH II sodium hydroxide 

File: 2708-11 Container/smpl 

Parameters 

PAHs = polynuclear aromatic hydrocarbons 
81M .. selective ion monitoring 

TCLP = Toxicity Characteristic Leaching Procedure 
TOC .. total organic carbon 
TPH .. total petroleum hydrocarbons 

VOA - volatile organic analyses 

VOCs .. volatile organic compounds 

-, 

'i 

Project II 2708 

AJlI1IY'ICIlI Methods 

EPA 8020 

EPA 200.7 

Page 3 oC3 
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TABLE 12 . Quality Control Sampling Plan 
Phase I Investigation 

RIIFS Work Plan 
Northwest Natural Gas Company Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Media 

Field Duplicate 

Soil One per 20 samples 

Sediment One per 20 samples 

Groundwater 
One per sampling 

event 

Surface One per sampling 
Water event 

'----- -~ - '--- ~ --- --

Updated: 6/21/95 REB 
File: 2708-12 QA/QC 

Sampling Equipment 
Blank 

Two after sampling tar 
zones 

None 

One per sampling 
event 

One per sampling 
event 

----- ------

Quality Control Samples 

Trip Blank Matrix Spike 

One per 2 days sampling or None 
One per sampling event 

One per 2 days sampling or None One per sampling event 

One per day of sampling or 
One per sampling event 

One per sampling event 

One per day of sampling or 
None One per sampling event 

-

Project # 2708 

Matrix Spike Duplicate 

None 

None 

One per sampling event 

None 

Page 1 of 1 
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2.0 EXISTING SITE CONDITION SUMMARY 

2.1 SITE DESCRIPTION 

2.1.1 SITE LOCATION 

The location of the North Doane's Lake site is in the northwest part of 

Portland on the west bank of the Villamette River, northwest and downstream 

of the Northwest Portland industrial area. For the purposes of this study, 

the site includes land occupied by the former Portland Gas and Coke Company 

manufactured gas facility, the Northwest Natural Gas (NVNG) LNG facility; 

Pacific Northern Oil's petroleum terminal; the Koppers Company creosote 

terminal; and the Vacker Siltronic Corporation semiconductor manufacturing 

facility. Both Pacific Northern Oil and Koppers lease the property from 

NVNG. NVNG owns the northwestern part of the site and Vacker owns the 

southeastern part of the site. Figure 2~1 is a recent aerial photograph of 

the study area. Figure 2-2 identifies current day features within the 

study area for reference. 

This study area is roughly triangular in shape, consisting of about 120 

acres. The northeast boundary of the site is the Villamette River; the 

southeast boundary is the Burlington Northern (BN) Railroad berm along the 

approach to the BN Railroad Bridge; the southwest boundary is the main BN 

Railroad track adjacent to N.V. St. Helens Road; and the northwest boundary 

is the property line between NVNG property and the U.S. Army Corps of 

Engineers Moorings facility, which is southeast of the St. John's Bridge. 

The site is about 6 miles upstream of confluence of the the Villamette 
River with the Columbia River. 

2.1.2 SITE HISTORY 

This section discusses history of the site to the present. Much of the 

information vas obtained from a site history prepared for Valker Siltronic 
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Corporation by the Portland Development Commission (1984). Section 2.2 

prese~ts a detailed discussion of past waste product disposal practices. 

"In 1883, a rail line was begun between Portland and Astoria and completed 

in 1898. This is the line that is now ovned by BN and forms the southwest 

boundary of the site. The railroad bridge across the Villamette River was 

completed in 1908. The railroad leading to the bridge bisected Doane Lake, 

a small shallow lake originally located partly on t~e southwest edge of the 

site. 

The federal government purchased the property immediately northwest of the 

study area in 1903 and 1905 for moorings. Additional property was 

purchased in 1940. The area of 11 acres is currently used by the U.S. Army 

Corps of Engineers for storage and operating facilities for dredges and 

other floating equipment. 

In 1~13, the Portland Gas and Coke Company built a residual oil 

gasification facility, known as the GASCO facility, on the present-day NUNG 

property. The plant produced 570 Btu tovn gas and pressed lampblack 

briquettes, which were sold in the area as solid fuel. Beginning in 1923, 

the process was modified to optimize aromatic generation and light oil 

recovery for ~se as motor fuel. In 1925, tar recovery and refining were 

initiated to provide tar for use as road binder. During the 1930's, the 

plant expanded and in 1941 a coking plant began production of electrode 

grade coke and high Btu gas. Vith the availability of natural gas in the 

1950's, much of the facility was shut dovn and dismantled. The last full 

year of operation was 1955. Natural gas arrived in 1956 and Portland Gas 

and Coke became Northwest ~atural Cas Company (NUNC) in 1958. NVNG began 

construction of a liquefied natural gas (LNG) plant in the late 1960's and 

most of the old gasification plant facilities were demolished. 

A small area of the southeastern part of the former plant site, including a 

small tank farm, was leased to Koppers Company Inc., Organic Material 

Division. Koppers built a plant in 1966 to make coal tar pitch for the 
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aluminum industry. Koppers land farmed vastevater from the tar stills on 

the property. The coal tar pitch plant ceased operation in 1973. Koppers 

still leases the facility vhich currently serves as a terminal for 

distribution of creosote oils for vood treating. 

During the 1960's, several large tanks at the northvest edge of the 

property near the river vere leased to Pacific Northern Oil. Pacific 

Northern continues to lease and operate in this location today. Oil is 

received by ship, stored in the tanks, and distributed to customers. 

In the 1970's, all of the remaining gas plant structures outside of the 

lease areas, except for the GASCO Administration Building, vere demolished. 

Host of the spent oxide pile vas taken to the Scappose, Oregon landfill. 

The remaining tar pond vas filled vith spent oxide, material from the 

adjacent rock quarry and overburden after action by the Coast Guard 

regarding leakage of oil from the tar pond to the river. Underground 

piping vas also removed and sold as scrap. The Administration Building 

remains ........ Eiill ........ ~.g .................... . In the early 

1980's, NVNG added a nev dock, three tanks, and a nev drainage system. 

NVNG continues to operate the LNG plant on the property today. During 

1985, NVNG contracted to have the river dredged near the docks to 

accommodate tankers making deliveries to Pacific Northern Oil. About 500 

cubic yards of dredge material vas taken to an off-site landfill. The U.S. 

Army Corps of Engineers (COE) dredges the Villamette periodically to 

maintain the channel. The river reach near the site betveen the St. John's 

Bridge and Burlington Northern bridge vas last dredged in 1973. 

The southeastern part of the site, vhich is currently owned by Vacker 

Siltronic Corporation, vas formerly a lov~lying svampy area occupying an 

abandoned river oxbow, that vas subject to vinter flooding. Several small 

buildings existed on the site in the 1930's on the river bank near the 

railroad bridge. Vestern Transportation had a river dock with tvo piers, 
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five buildings and two fuel tanks. The facility was used for refueling 

tugs, and to tie up log rafts and barges. The dock and piers were removed 

in the 1950's, and the buildings by 1973. 

In the 1930's, Shell Oil Company built a dock and building on the river 

bank at the boundary of the present-day Vacker and NUNG properties, with a 

road following that present boundary. Shell purchased a by-product from 

Portland Gas and Coke and shipped it by barge from the dock. By 1957 the 

facility vas apparently abandoned and the building destroyed by 1973. 

The present-day Vacker property vas purchased in 1962 from the railroad and 

Portland Gas and Coke. The purchasers agreed to fill the si te to a mi-nimum 

elevation of 30 feet by the end of 1973 and construct industrial buildings 

by the end of 1978. The site vas filled with material from the adjacent 

rock quarry (Figure 2-2) and dredge material from the Port of Portland. 

Port of Portland records indicate that 695,522 cubic yards of dredge 

material was placed on the site in 1974. Total fill, including rock, vas 

estimated to be 1,529,400 cu~ic yards~. Settl~ng ponds containing tar along 

the property line vith the gasification facility were filled and the 

contents spread over the low lying area at this time. 

In 1978, the City of Portland Development Commission purchased the site as 

part of an urban reneval project and sold it to the Vacker Siltronic 

Corporation in the same year. Construction of the Vacker plant began in 

October 1978. Construction was completed in December 1979, and operation 

began in March 1980. 

Two pipelines that run parallel to the river, cross the site. The 

pipelines carry a variety of petroleum products and are operated by Olympic 

Pipeline. 
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Ground water in the underlying Columbia River basalt exists primarily as 

isolated confined aquifers in the permeable fracture zones between 

individual basalt flows. In places, these confined aquifer units may be 

interconnected by vertical fractures in the basalt. Recharge to the basalt 

aquifers is largely from direct infiltration of precipitation on the 

northeastern slopes of the Tualatin Mountains, located west of the site. 

Flow is expected to be to the northeast, in the dovndip direction toward 

the Villamette River, where discharge to the alluvial aquifer likely takes 

place. 

Vater use in the area is supplied principally by municipal water systems. 

There are several industrial supply wells which tap basalt aquifers in the 

area, including one 370 foot well owned by NVNG. The other deep wells, 

located near the Rhone-Poulenc facility to the southeast, are reportedly no 

longer in operation. There is no documentation of water use in the area 

from the unconsolidated aquifer. 

2.2 CONTAMINATION PROBLEM DEFINITION 

Several industr.ial facilities have conducted operatioos in the study area 

since initial development of the site. These includ: gas and by-p~~duct 
production from residual oils by the Portland Gas and COk0 Company;'Ytar 

. '3 
distillation and creos'4~ terminal operations by Koppers, LNG operations by 

Northwest Natural Gas, Wetroleum product handling.by Northern Petroleum, 

and semiconductor manufacturing by Vacker-Siltronics. The primary facility 

of concern for purposes of this work plan document is the oil gasification 

plant due to its size and waste handling practices. Other operations 

associated with the Port of Portland, including dredging and historic 

tanker bilge pumping operations, may have also contributed hydrocarbon 

contamination to the adjacent river sediments, dredge spoils disposed along 

~he river banks, and dredge spoils used for filIon the Vacker Property. 

Each of the facilities is described below. 

,', 
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2.2.1 GASCO FACILITY, PORTLAND GAS AND COKE COHPANY 

The original development of the site vas associated vith a residual oil 

gasification facility, the GASCO plant, that vas placed in operation in 

about 1913. This facility vas constructed on hydraulically placed sandy 

fill material built up on lovland areas adjacent to the Villamette River. 

No information regarding site layout prior to the first available aerial 

photographs in 1936 is available. Published process summaries (Hall, 1941; 

Hall and Kohlhoff, 1952} provide information on changes in plant operations 

during its history. Hore general information on the process was obtained 

from Horgan (1931). Significant milestones in plant operations are 

summarized on Table 2-1. This facility grew to be one of the largest and 

most efficient oil-gas generation facilities in the west, with a generation 

capacity of 77,000,000 standard cubic feet of oil-gas and butane-air gas 

with a heating value of 570 Btu/cubic ft. The facility did extensive 

recovery and processing of by-products and near the end of its operation 

over 113 of the plant revenue was-derived from the sale of these 

by-products. 

The GASCO facility used two primary processes in the generation of gas for 

distribution, "in addition to a number of refinery type processes for 

production of tar, pitch, and various other refined petroleum products. A 

technique known as the "Pacific Coast Oil Gas Process" (Horgan, 1931) was 

used throughout the life of the facility. This is a cyclical process 

whereby oil is subjected to thermal cracking at near atmospheric pressure 

in a cylindrical shell containing heated refractory checkerbrick. The 

checkerbrick is heated by combustion of oil and burning of carbon deposits 

on the checkerbrick to attain a temperature of about 2000°F. Heavy oils 

were introduced after pre-heating the reaction vessel and vere thermally 

cracked as they moved downward through the gassifier. This cycle of 

alternating heating and gasification was continually repeated. This 

process generated the following products and by-products for each 10 

gallons of 8.4 degree API oil (Hall and Kohlhoff, 1952): 
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o 1,000 cubic ft of 570 Btu/cubic ft oil gas 

o 2B.3 lbs lampblack 

o 0.3B gallons tar 

o 0.46 gallons light oil 

The gas was cooled and subjected to various cleaning processes to remove 

tars, light oils, and sulfur prior to distribution. Tars and light oils 

were removed by cooling and de-misting the gas. Sulfur was removed by 

passing the cooled gas with small amounts of added ammonia and air through 

beds of iron oxide adsorbed on wood shavings. In 1941 a coke oven was 

installed at the plant to generate electrode grade coke and high Btu gas 

for re-forming in the existing retorts. 

following products for each 10 gallons of 

9 pounds of lampblack (Hall and Kohlhoff, 

The coke ovens produced the 

8.4 degree API feedstock oil and 

1952): 

0 540 cubic ft or 1030 Btu/cubic ft gas 

0 19.5 lbs coke 

0 3.6 gallons tar 

0 0.66 gallons light oil 

0 0.06 gallons creosote oil 

Figures 2-6, 2-7, and 2-8 show respectively process flow sheets for the gas 

generator, coke oven and by-product refining operations. Several of these 

processes likely resulted in generation of waste streams that were 

deposited on site or were discharged to the adjacent Villamette River. It 

should be noted that due to the large size of this plant, economic recovery 

of many of the by-products typically wasted at other plants of this type 

was conducted and waste quantities are correspondingly smaller. During the 

life of the plant a total of approximately 70,000,000 barrels of petroleum 

feedstock were processed. Near the end of the plants operation~ processing 

of 2,100,000 barrels of petroleum resulted in product and by-product sales 

on an annual basis as follows (Hall and Kohlhoff, 1952): 
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0 9,000,000,000 cubic ft of 570 Btu gas 

0 4,900,000 gallons light oil 

0 8,263,000 gallons tar 

0 114,000 tons lampblack and coke 

0 600,000 gallons gas oil 

Due to significant changes in plant processes and site layout, waste 

generation is separately addressed for the pre-1941 period and post plant 

expansion in 1941. 

Pre 1941 Period 

During the initial period of operation from 1913 through 1923 only 570 Btu 

gas and lampblack briquettes were produced by the plant. Commencing in 

1923, light oils were recovered and refined ori site for use as motor fuel. 

In 1925 recowery and processing of tars for use primarily as road binder 

was initiated. The wastes generated prior to 1925 would include primarily 

waste water vith a low level of ~issolved and suspended hydrocarbons, tar 

and spent oxide from sulfur removal. Figure 2-9 identifies areas from the 

1936 aerial photography that exhibit evidence of -either tar, lampblack, or 

spent oxide deposition. The main area that received was·te discharge was 

along the south side of the fuel storage tank area. This area was 

subsequently filled in and likely contains tar and other solids discharged 

from the plant. After 1925, when tar refining operations were started, the 

quantity of tar going to the waste discharge would only be a small 

percentage of the total tar generated. Host of the waste tar after 1925 

would occur as suspended material and emulsions in waste water discharging 

from the secondary tar box. Once the discharged tar entered the active 

stream channel, the velocity of the vater would tend to keep the material 

entrained and likely dispersed it in a narrow plume downstream. This tar 

was likely transported to an unknown distance downstream before settling. 
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Spent oxide from the purifiers vas stockpiled on site, adjacent to the 

oxide purifier process units. Some of the spent oxide may have been 

disposed of either on or off-site. 

Post 1941 Period 

A major plant expansion vas initiated in the late 1930s and came on-line in 

1941. This expansion involved implementation of a coking plant for 

producing electrode grade coke, pitch, and high Btu gas for reforming in 

the oil gas generators. These additional process units vere constructed on 

artificial fill potentially containing vaste materials placed east of the 

light oil and tar tankage area. Additional pollution abatement facilitjes 

vere also installed during this expansion. These abatement facilities 

included a series of four effluent settling basins that received vater from 

the severs and discharge from tar boxes and lampblack thickeners. All of 

the oily vaste vater passed through the tar separation tanks vhere 

sulfonates from the refinery vere blended to aid in breaking the tar/vater 

emulsion prior to discharge to the settling ponds. The majority of the 

tars that vere not in aqueous solution settled out and remained in these 

~onds. Periodic flooding may have scoured some of the tars deposited in 

the ponds, but this mechanism is expe~ted to be minor due to tar 

properties. Company records indicate occasional cleanout of the settling 

ponds vas done and it is assumed that the dredged materials vere disposed 

of in loY lying areas on site. Spent oxide material continued to be 

stockpiled on site. Plant operations continued in this manner until the 

plant vas shut dovn in 1955 vith the arrival of natural gas. Removal and 

sale of stockpiled lampblack and possibly tar continued for seveLal years 

thereafter. At the time of plant closure, a number of vaste storage 

facilities remained on site. Figure 2-10 is a site plan near the time of 

plant closure. During filling of the adjacent Valker property in the late 

- 1960s, the three smaller tar ponds along the property boundary vere 

eliminated and the tar incorporated into the soil fill material in a loY 

lying area paralleling the Valker property line. The Coast Guard detected 

an oil slick originat'ing at the remaining tar pond in July 1970 and 
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initiated enforcement action. The remaining tar pond was filled with 

material from the spent oxide pile and with waste rock from the adjacent 

quarry in response to this action to stop oily discharge to the river. 

Spent oxide material that vas not used for fill was disposed of at the 

Scappose landfill. 

2.2.2 KOPPERS FACILITY 

Koppers leased a portion of the GASCa facility that included the main light 

oil and tar tank farm area and the tar processing facility. Distillation 

of coal tars received via rail vas conducted for several years, vith the 

approximately 1,500 gallons per day of vastewater being land treated on 

site. This facility currently serves as a terminal for distribution of 

creosote oils for wood treating. K9Ppers records indicate that only 

creosotic and tar materials have been handled at this facility. 

2.2.3 VACKER-SILTRONICS FACILITY 

The Valker facility is constructed on fill material consisting of Port of 

Portland dredge spoils and waste rock from the adjacent quarry. 

Construction of the Vacker plant began in 1978, and the plant began 

operating in 1980. This facility manufactures silicon wafers that are used 

in semiconductor manufacturing. One small-volume TCE spill has been 

reported on the site but was remediated by soil removal. Site 

investigations were conducted for a proposed plant expansion that indicated 

the presence of tar-related hydrocarbons and other contaminants that may be 

related to upgradient facilities in both ground water and subsurface soils. 

It is unknown if this contamination is related to river dredge materials or 

to fill with tar contaminated soils. Excavations at the site during 

construction also indicated the presence of refractory brick that suggests 

some rubble or waste material originating on the adjacent gasification 

facility may have been used for fill. 
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TABLE 2-1 

PORTLAND GAS AND COKE PLANT HISTORY SUMMARY 

Plant construction .completed and production 
and pressed lampblack briquettes initiated. 
not recovered. Vaste discharge directly to 
waste water and tars not usable as fuel. 

of 570 Btu town gas 
Aromatics and tars 

river included all 

1923 Gassification process modified to optimize aromatic generation. 

1925 

Light oil recovery and refining units.placed in operation. 

Tar recovery and refining units built and placed in operation for 
production of road binder. Significant discharge of tars in 
waste water probable since no emulsion breaking agents used. 

1935 Plant modified to use high carbon feedstock. 

1941 Coke over installed to produce high Btu gas and electrode grade 
coke. Settling ponds constructed to treat waste water discharge. 

1947 Plant capacity increased. Electrode pitch process line added. 

1956 Plant production ceased. 
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Ms. Sandra Hart 
Senior Engineer 
Northwest Natural Gas Company 
220 N.W. Second Avenue 
Portland, OR 97209 

April 21, 1994 

DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

NORTHWEST REGION 

Re: Voluntary Cleanup Letter Agreement for 
Northwest Natural Gas Company - GASCO 
Site 

Dear Ms. Hart: 

Enclosed is a copy of the file review summary memo prepared for the former GASCO facility 
located at 7900 N.W. St. Helens Road in Portland, Oregon. I apologize for the delay in getting 
this summary prepared. It is expected that the recommendations presented in this memo will 
be utilized in the planning of the investigation of the former GASCO facility. 

Please contact me at 229-6802 if you have any questions. 

I 

Sincerely, 

&~r"~ 
Eric L. Blischke 
Project Manager, Voluntary Cleanup Section 
Northwest Region 

EB:eb 

Enclosure 

cc: Mike Rosen, NWRIDEQ (w/enc1osure) 
Karla Urbanowicz, NWRIDEQ (w/enclosure) 
Tom Roick, NWRlDEQ (w/enclosure) 
Rich Sedman, NWRIDEQ (w/enclosure) 
Jill Kiernan, WMCD/DEQ (w/enclosure) 

8·· '\.... . ... .: .. 

2020 SW Fourth Avenue 
Suite 400 
Portland, OR 97201-4987 
(503) 229-5263 Voice/TO! 
DEQ-l 
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STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL OUALITY INTEROFFICE MEMORANDUM 

TO: File April 20,_ 1994 

FROM: Eric Blischke 

SUBJECT: Northwest Natural Gas - North Doane Lake 

Several documents were reviewed including DEQ Regional Office and Hazardous and 
Solid Waste files for the Koppers, Wacker Siltronic, Doane Lake Study Area and Northwest 
Natural Gas sites. A list is provided as Attachment 1. 

SUMMARY OF AVAILABLE INFORMATION 

Site Background 

From 1913 until 1956, the Northwest Natural Gas Company (NWNG), then known as the 
Portland Gas and Coke Company (GASCO) operated an oil gasification plant on an 
approximately 120 acre parcel of land located along the west bank of the Willamette River in 
northwest Portland (a site location map is included as Attachment 2). NWNG currently operates 
a liquified natural gas (LNG) plant on 47 acres of the origiIial parcel. The property currently 
owned by NWNG comprises the northern third of the original GASCO site, and includes the 
location of the former GASCO plant operations. The southern portion of the former GASCO 
facility consisting of approximately 73 acres is currently owned by Wacker Siltronics 
Corporation (Wacker). This portion of the propertY was primarily vacant during operating life 
of the GASCO facility. The Wacker parcel was sold by NWNG in 1962 to V. Rosenfeld and 
H. Anderson. In 1978, this parcel was purchased by the Portland Development Commission 
who in tum sold it to Wacker in August of the same year. Wacker began construction of their 
silicon wafer manufacturing plant in October, 1978. The plant was completed in December 
1979 and operation began in March 1980. NWNG currently leases a portion of their current 
property to Koppers Company, Incorporated, Organic Material Division (Koppers) and Pacific 
Northern Oil Company (pacific Northern). A site layout map showing the location of the 
Wacker property, the Pacific Northern lease area and the Koppers Lease area is included as 
Attachment 3. 

The Portland Gas and Coke Company purchased the 120 acre parcel from Security Savings and 
Trust, Inc. in 1910. In 1913, the Portland Gas and Coke Company built a residual oil 
gasification facility on the present property owned by NWNG. A plant layout map at the time 
of closure (1956) is included as Attachment 4. The facility was constructed on hydraulically 
placed sandy fill material built up on lowland area adjacent to the Willamette River. The facility 
grew to be one of the largest oil-gas generation facilities in the west with a generation capacity 

Northwest Natural Gas File Review Summary Memo 
Page 1 
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of 77,000,000 standard cubic feet of oil-gas and butane-air gas. The plant originally produced 
570 BTU town gas and pressed laMpblack briquettes. In 1923, the process ~ modified to 
optimize aromatic generation and light oil recovery for use as a motor fuel. In 1925, tar 
recovery and refining were initiated to provide tar for use a road binder. During the 1930's, 
the plant expanded and in 1941, a coking plant began production of electrode grade coke and 
high BTU gas. Due to the availability of natural gas, the facility was shut down in 1956. In 
1958, Portland Gas and Coke beCame Northwest Natural Gas Company. In the late 1960's, 
NWNG began construction of the LNG facility which continues to operate on-site. The LNG 
facility consists primarily of above ground piping and a large LNG storage tank. Natural gas 
is received via pipeline, cooled and piped to the storage tank. 

In 1966, Koppers leased a small tank farm from NWNG and built a coal tar pitch distillation -
plant in the southeastern portion of the leased property. In 1973, the coal tar pitch distillation .•. · 
plant was closed. In 1977, Koppers notified DEQ that no unprocessed coal tar remained at the·· . 
site. Koppers currently operates a creosote oil distribution center at the facility. Pencil pitch,.~ 
a by-product of coke production, is received in solid form. The pitch is fed into a large tank,. 
heated to 450 F and piped into railroad cars or, less frequently, trucks for shipment. Additives,·. 
such as naphthalene, are stored on site and used to keep the liquid pitch within specifications. 
The loading area contains a berm and catch basin to contain potential spills. Spills are routed 
to a storage tarik. 

During the 1960's NWNG also began leasing several large storage tanks located along the 
Willamette River in the northwest cOmer of the property to Pacific Northern. Pacific Northern 
currently operates an oil storage, receiving and distribution facility at the site. According to 
representatives of NWNG, Pacific Northern primarily handles Bunker C fuel oil. 

The only structures remaining from the former GASCO facility are the old office building 
located on the northern portion of the NWNG property, two oil storage tanks utilized by Pacific 
Northern, the storage tanks utilized by Koppers, concrete pads and an unknown underground 
structure located in the southeast portion of the site. The majority of the site has been 
extensively filled and regraded. With the exception of the Pacific Northern storage tanks and 
the Koppers facility, there is little evidence of the former GASCO plant operations. The 
majority of the site is vacant and is covered with either concrete pads or grasses. The site is 
well maintained; grasses are regularly mowed as a fire precaution. An underground fire main 
and the Olympic pipeline cross the site. Other, unknown, underground pipelines associated with 
the former GASCO facility may also be present at the site. During a 1994 si~ visit,· a chain-link 
fence was being installed to prevent access to the site by boaters on the Willamette River . 

. The NWNG site is part of the Doane Lake Industrial area in Northwest Portland. This area 
includes numerous other industrial properties which have also resulted in contaminated soil and 
groundwater including Rhone Poulenc and the Gould Superfund site. These other properties are 
located south (upstream) from the NWNG property. The location of these facilities is p~ented 
in Attachment S. 

Northwest Natural· Gas File Review Summary Memo 
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Waste Disposal Practices 

Much of the information regarding waste disposal practices was obtained from the North 
Doane's Lake Site characterization Work Plan prepared by Camp Dresser and McKee (CDM). 
A brief summary is presented below. 

Pre-1941 Waste Disposal Practices: From 1913 to 1923, only 570· BTU gas and lampblack 
briquettes were produced by the plant. Aromatic hydrocarbons and tars were not recovered 
during the production process and all wastewater and tars not usable as fuel were discharged 
directly to the Willamette River. The discharge of wastewater to the river continued until the 
construction of 4 sedimentation ponds in 1941. Tar present as emulsions likely settled out of 
the waste stream as it migrated downstream. In 1923, the process was modified to optimize 
aromatic generation and recover light oils for use as motor fuel. In -1925, tar recovery and 
refining units were installed. Wastes generated prior to 1925 included tar, wastewater containing 
dissolved and suspended hydrocarbons, and spent oxide generated during sulfur removal. CDM 
indicated that the spent oxide was disposed of along the northern border of the site while 
lampblack and tar were disposed of in -a low area along the Willamette River. A 1936 aerial 
photograph depicts a large waste disposal area located adjacent to the Willamette River south 
of the storage tanks currently leased by Pacific Northern. After 1925 when tar recovery began, 
the majority of waste tar was likely contained in the wastewater stream and discharged to the 
river, however some land disposal of tar likely continued to occur. A pre-1941 waste disposal 
map is included as Attachment 6. 

Sedimentation Ponds: As part of a major expansion completed in 1941, four sedimentation 
ponds were constructed east of the current Koppers lease area. According to the CDM work 
plan, extensive quantities of tar were present in the four on-site sedimentation ponds. 
Wastewater from the process sewers, lampblack filtration effluent and tar box were discharged 
to these ponds to allow tar containing emulsions to settle. Wastewater entered a series of tar 
separation tanks where sulfonates were added as a de-emulsifier prior to discharge to the settling 
ponds. The settling ponds were excavated periodically and the dredged material disposed of in 
low lying areas on site. The exact location of these disposal areas is unknown. The three 
smaller ponds located south of the larger pond were estimated to contain 700,000 gallons of dry 
tar. The contents of the three ponds are thought to have been blended with soil material and 
spread over a low lying area separating the present Wacker and NWNG properties. The largest 
pond was inventoried in 1971. The pond was estimated to be 2.5 acres in size and found to 
contain approximately 6 million gallons of tar and tar/water emulsions~ -The total dry tar content 
was estimated at 3.9 million gallons. Depth and tar thickness soundings made at that time 
indicated that an average of 10 feet of tar was present in the 2.5 acre pond. In 1970, the Coast 
Guard observed an oil slick originating from the remaining 2.5 acre pond and took enforcement 
action. As a result, the 2.5 acre tar pond was subsequently filled in with rubble and iron oxide 
waste between 1971 and 1973. The resulting tar/soil mixture was spread out over the 
southeastern portion of the site and covered with random fill material. It is unknown if any of 
this material was deposited on the Wacker property. During a 1994 site visit, two small 
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remnants of the ponds were observed. These ponds reportedly go dry during the dry summer 
months and refill during the winter. A post-1941 waste disposal map is included as Attachment 
7. 

Lampblack Storage Area: Lampblack was one of the products produced by the oil gasification 
plant for sale .. Lampblack is defined in the Merck Index (1989) as amorphous carbon obtained 
by burning various fats, oils resins, etc. under suitable conditions. Significant quantities of 
lampblack were stored on site during operations and following plant closure. Primary stockpiles 
were located in an area bounded by the fonner location of the settling ponds, the bulk oil tanks 
currently leased by Pacific Northern Oil Company, the LNG containment basin and the 
Willamette River. A smaller stockpile was located along the railroad spur adjacent to the current 
Wacker/NWNG property boundary. Lampblack was likely entrained in the waste stream . 
resulting in the discharge of significant quantities of lampblack to the Wlllamette River and. 
sedimentation ponds. Following shutdown of the plant, accumulated lampblack was hauled to
an unknown off-site disposal IQCation. A 1994 site visit found no evidence of the fonner ,. 
lampblack storage area. The entire ar~ was vacant and had' been 'extensively regraded. 

Spent Oxide Storage Area: Sulfur was removed from the coal gas by adding small amounts of 
ammonia and air and passing the cooled gas through beds of iron oxide adsorbed on wooo:' 
shavings. Iron oxide no longer capable of regeneration (spent oxide) was placed on a waste pile 
adjacent to the oxide reactors at the north end of the NWNG property. At the time of plant 
closure, it is estimated that 41,000 cubic yards spent oxide was stockpiled on site. Due to:the 
presence of nitrogen in the coal gas and the addition of ammonia during the removal process, 
oxide wastes may be contaminated with cyanide. However, due to the low nitrogen contentiit 
the coal gas and the low ammonia' feed rate, the potential for the presence of elevated cyariide 
concentrations was estimated by CDM as low. In addition, hydrogen sulfide may also be present 
in the spent oxide. As previously mentioned, the spent oxide ma~ was utilized as ·.fill 
material for the large tar pond. Spent oxide material not utilized as fill was reportedly dispo'sed 
of at the Scappose landfill. A 1994 site visit found no evidence of the spent oxide storage area. 
As with the fonner lampblack storage area, the spent oxide storage area was vacant and had 
been extensively regraded. 

Ko,p,pers Land Treatment Area: During operation, the Koppers coal tar distillation facility 
generated approximately 1500 gallons of wastewater per day. The wastewater was reportedly 
land treated on site. This material is thought to have been treated and disposed of in a small 
area located in the southeast corner of the property leased by Koppers. The location of Koppers' 
waste disposal area is presented in Attachment 8. \ 'I' . 

; 

Other wastes such as plant demolition rubble, tank bottom sludges and other miscellaneous 
. wastes may have been disposed of in low lying areas on site. 
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Investigative History 

A chronological summary of environmental investigations conducted in the North Doane Lake 
area is provided below. Although limited analytical data has been obtained from the current 
NWNG site, wastes generated by the GASCO facility have likely been deposited on the Wacker 
property. Consequently this me review includes a summary of the Wacker site in addition to 
the NWNG site. It is expected that the nature of contamination detected on the Wacker property 
is similar to what is present at the NWNG site. 

In August, 1977, three soil test borings and penetrometer probes were installed on the Wacker 
parcel. The sampling was conducted by CH2M Rill and submitted in a September 19TI 
Geotechnical and Vibration Monitoring Investigation report to Wacker prior to their purchase 
of the property. Each boring log had multiple references to bitumen, a generic term applied to 
natural inflammable substances of variable color, hardness, and volatility composed principally 
of a mixture of hydrocarbons. 

In February 1979, DEQ personnel were called to the Wacker· Siltronic facility during its 
construction to determine the origin of a petroleum release found on the property. An initial 
sample collected on March 1, 1979 from an undefined clarifier was found to contain 40 
hydrocarbon components in the CIO to Cn range with a peak maximum at CIS' A sample of 
diesel fuel obtained from the Olympic Pipeline Company was also analyzed and found to match 
th~ sample collected from the clarifier. Another sample collected from an exploratory pit above 
the pipeline on March 12, 1979 was found to contain hydrocarbons in the Cs to Cl9 range with 
a peak maximum at C12• The DEQ laboratory concluded that this sample did not match the 
sample obtained from the Olympic Pipeline Company (Olympic). Although the above results 
were inconclusive, Olympic apparently determined that the pipeline had leaked and made the 
appropriate repairs. 

In 1982,· four ·monitoring wells of unknown ongm surrounding the former Koppers land 
treatment area were sampled by Department of Environmental Quality (DEQ) personnel and 
analyzed for total phenols. Results of this sampling event detected low levels (0.13 - 34 mg/l) 
of total phenolic compounds. The monitoring wells were resampled by DEQ personnel in 
December 1984 and analyzed for semivolatile organic compounds (SVOCs). The 1984 
groundwater analysis detected presence of various PARs. Although only a semivolatile analysis 
was conducted, elevated levels of xylene and ethylbenzene were detected as tentatively identified 
compounds. No phenolic compounds were detected although three of the four samples required 
dilution prior to analysis. A sample location map and summary of analytical data obtained from 
wat~r samples collected. at the NWNG site including data obtained from the Koppers monitoring 
wells is provided in Attachment 9. 

In September, 1984 and again in December, 1984, sediment samples were collected by DEQ 
personnel from the NWNG LNG containment basin. Semivolatile analysis detected 1100 and 
3120 mg/kg of PARs respectively. A sediment sample collected from the Koppers storm drain 
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was found to contain 3080 mgtkg of PAHs. DEQ sediment sample results are provided in 
Attachment 10. Aqueous samples collected from the NWNG sump pump and oil-water separator 
were also found to contain low levels (0.134 - 2.29 mgtl) ofPAHs. These results are presented 
in Attachment 9. . 

In April 1985, CH2M Hill conducted a soil investigation at the Wacker facility. Wacker was 
. concerned that contamination on their property would prevent or hinder the planned .expansion 
of their facility. Seven soil borings were installed in the vicinity of a proposed polysilicon plant 
in western portion of the Wacker property. The borings were installed to depths ranging from 
31.5 to 41.5 feet and were completed as monitoring wells. Soil samples were analyzed for oil 
and grease, phenols, volatile organic compounds (VOCs), polynuclear aromatic hydrocarbons 
(P AHs) and pesticides, herbicides and metals according to the extraction procedure - toxicity 
(EP-Tox) methodology. 

Analysis of the soil boring samples detected the presence of chlorinated and aromatic volatiles, . 
various phenolic compounds including pentachlorophenol and elevated concentrations of P AHs. 
EP-Tox analysis detected low concentrations of barium (below the regulatory threshold) and 
levels of2,4-dichlorophenoxy acetic acid (2,4-D) above the regulatory threshold. Oil and grease 
levels ranged from 0.03 % to 0.34 %. A summary of these results is provided in Attachment .tI . 

,'-
~ Groundwater samples were collected from the newly installed monitoring wells in July a,pd 

August 1985 as part of the investigation. Analysis detected the presence of aromatic vots 
(benzene, ethylbenzene and xylene); acetone and methylene chloride (which may represent 
laboratory contaminants); PAHs; cyanide and low levels of metals. United States Environmental 
Protection Agency (EPA) Drinking Water Maximum Contaminant Level (MCLs) were exceeded 
for many of the carcinogenic P AHs, benzene, lead and cyanide. A summary of these results is 
presented in Attachment 12. 

. "".tt ,.~. Ii 

In September 1985, two water samples were collected by DEQ personnel from seepage pits 
excavated on NWNG property adjacent to the Willamette River. One pit was excavated 20 
yards south of the south end of the NWNG LNG dock while the other pit was excavated 10 
yards north of the north end of the LNG dock. Eevated levels of P AHs were detected in each 
of the seep samples. The southern seep sample was found to contain 56.5 mgll of P AHs while 
the northern seep sample was found to contain 6.6 mgtl of PAHs. Carcinogenic PAHs were 
detected in each sample. These results are presented in Attachment 9. . 

In 1990, Geraghty and Miller conducted a Hydrogeological Investigation of the Doane Lake 
Area in northwest Portland. The primary purpose of the study was to evaluate the 
hydrogeologic conditions in the vicinity of the Gould Superfund site, calculate the zone 'of 
influence of potential Gould remedies and asses the impact that groundwater quality in the Doane 
Lake area could have on potential Gould site remedies. 
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As part of the investigation, two monitoring wells on the Wacker property were sampled. These 
included the existing MW-7 installed by CH2M Hill in 1985 and a newly installed intermediate 
depth well (MW-3I) installed adjacent to the existing MW-3. MW-3I was screened from 55 to 
60 feet while the existing MW-3 was screened from 12 to 27 feet. Low levels of phenol (0.003 
mgll) and PAHs (0.215 mg/l total PAHs) were detected in MW-31 while even lower levels of 
contamination (.016 mg/l total PAHs) were detected in MW-7. These results are included in 
Attachment 12. Three of the Koppers wells were located during the investigation. However, 
the wells were found to be dry and were not sampled. Geraghty and Miller nqted that the wells 
appeared to have been sealed off. 

In July, 1990, two soil samples were collected from geotechnical borings installed as part of a 
proposed expansion by Wacker. Wacker was considering constructing an additional 
manufacturing' building - FAB 2 - on their property. The soil samples were found to be 
saturateq with a black oily viscous' substance. Elevated levels of BTEX, styrene, chlorobenzene 
and PAHs were detected. Total PAH concentrations detected in the two samples were 10,000 
mg/kg and 6,100 mg/kg respectively. These results are presented in Attachment 10. 

In October 1990, CH2M Hill conducted a soil gas and groundwater investigation for Wacker to 
determine whether the Olympic pipeline was the source of subsurface hydrocarbon contamination 
previously detected on-site. This investigation was conducted in· conjunction with Wacker's 
proposed expansion plans. Groundwater and soil gas samples were collected along a 600 foot 
length of the utility corridor adjacent to the proposed FAB 2 building site. CH2M Hill 
concluded that groundwater samples were more reliable than soil gas samples. Consequently, 
the investigation concentrated on the collection of groundwater samples with the soil gas probes. 
Groundwater samples were collected just below the water table at a depth of approximately 25 
feet. All samples were field analyzed for BTEX and TPH. A limited number of samples were 
sent to a laboratory for confirmatory analysis. 

The results of the investigation detected elevated levels of BTEX and TPH in groundwater. 
Benzene concentrations ranged from non-detect to 23.3 mg/I. TPH concentrations ranged from 
0.012 to 89.1 mgll (see Attachment 13 for a summary of the analytical results). The highest 
concentrations of TPH and benzene were detected at a point south of and immediately adjacent 
to the pipeline utility corridor. Benzene and TPH concentrations correlated with one another. 
CH2M Hill concluded that the concentrations. of benzene detected in groundwater samples are 
typical of those. associated with a gasoline spill or leak. They further concluded that the 
location of the highest detected .concentrations may be an indication of source of the BTEX 
contamination. In addition to the BTEX contamination, the soil borings installed by CH2M Hill 
detected the presence of a black viscous substance thought to be associated with coal tar wastes. 
The visual observations of oil also correlated with the maximum BTEX and TPH concentrations. 
As a result, CH2M Hill was not able to ascertain the source of the BTEX contamination. 

Based on the results of this investigation, Olympic pipeline excavated and pressure tested the 
pipeline to 250 psi. No obvious signs of contamination were observed and the pressure test was 
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inconclusive. An additional pressure test was conducted by Marmac in February 1991. The test 
resulted in a failure of the pipeline. It is unclear whether the test caused the failure of the 
pipeline or whether a leak was present in the pipeline prior to the test. As a result of the leak, 
Olympic replaced approximately 2000 feet of the pipeline in March, 1991. 

In November, 1993, NWNG observed a sheen on water within the LNG containment basin . 
. NWNG subsequently collected a sample of the water and had it analyzed for BTEX and PAHs. 

l~, .. ~ ... . "kOJ~.=., ,.",.,. 

Benzene was detected at a concentration of 8.3 mgl!. Total carcinogenic and non-carcinogenic 
PAHs were detected at concentrations of 0.116 and l.44mgll ~tively '(see Attachment 9). 
NWNG described this sample as representative of surface run-off from the site and groundwater 
recharge. During a 1994 site visit, a visible sheen was observed on groundwater entering the 
containment basin. Based on field observations and analytical results, it appears that significant 
groundwater contamination exists at the site. .. 

Waste Characteristics 

Numerous waste products were generated and disposed of on-site during the operation of the oil 
gasifIcation plant. According to the CDM work plan, the wastes include tars, pitch, slud~es, 
tank bottoms, spent oxide and lampblack. Releases of these wastes may have occurred in the 
vicinity of the process areas. These include the oxide reactors, tar process area and the' retort 
process area. Geotechnical borings indicate the presence of liquid hydrocarbons at levels n.ear 
saturation in the former plant process area. . More significant releases of waste 'to ·'the 
environment have occurred in the waste disposal areas. These include the tar ponds, the sPent 
oxide pile, ~e filled area along the current Wacker-NWNG property boundary and the cOke 
oven process area that were filled in the late 1930's. Additional waste products may have been 
disposed of on the Wacker property when it was filled in duripg the early 1970's. < •• 

Four samples of residual tar were collected in 1971 and analyzed for bulk tar content and 
physical properties. The samples were found to contain an average tar content of 69.2 %' on a 
wet weight basis and 93.5 % on a dry weight basis. The average naphthalene content was found 
to be '2.2 % on a wet weight basis and 2.9 % on a dry weight basis. A summary of these results 
is provided in attachment 14. 

Analysis of soil and groundwater collected from the Wacker and NWNG properties indicated 
the presence of contaminants typically associated with petroleum products. These include 
carcinogenic and non-carcinogenic P AHs, and volatile aromatic hydrocarbons such· as benzene, 
toluene, ethylbenzene and xylene (BTEX). Alkyl substituted benzenes, naphthalenes and 
phenanthrenes, not included as standard analytes, have been detected in semivolatile analyses as 
tentatively identified compounds (TICs). Other compounds detected include chlorinated and non
chlorinated phenols, cyanide and miscellaneous pesticides. Concentrations of metals in soil are 
generally low, however lead has been detected in groundwater at levels above the federal 
drinking water maximum contaminant level (MCL). 
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PAHs, which are typically associated with residues from oil gasification plants, are the 
predominant contaminant at the site. Soil samples collected by CH2M Hill from soil borings 
installed on the Wacker Siltronics property detected PAHs at concentrations up to 10,000 mg/kg 
(1.0 %). PAH concentrations of greater than 1000 mg/kg were detected on NWNG property 
in sediments in the LNG containment basin and from the Koppers facility storm drain. 

The primary PAHs detected were naphthalene, anthracene and phenanthrene. These PAHs are 
comprised of two and three ring aromatic structures. They are considered non-carcinogenic, 
relatively mobile and are expected to .biologically. degrade in the environment. Carcinogenic 
P AH concentrations were significantly below non-carcinogenic PAH concentrations. 
Carcinogenic PAHs include: Benzo(a)anthracene, benzo(a)pyrene, benzo(b )fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene and indeno(I,2,3-cd)pyrene. The 
maximum carcinogenic P AH concentration detected in soil samples was 600 mg/kg. 
Carcinogenic PAHs are typically comprised of 4,5 and 6 ring aromatic structures. In addition 
to being more toxic, these P AHs are also less mobile and more resistant to environmental 
degradation than non-carcinogenic PAHs. A summary of the physical properties of PAHs is 
presented in Attachment 15. 

Groundwater samples collected from the Wacker property also revealed the presence of PAHs. 
Non-carcinogenic PAH concentrations ranged from 0.016 mgll to 7.89 mg/I. Although each of 
the eight monitoring wells installed on the Wacker property contained non-carcinogenic PAHs, 
only three wells were found to contain detectable levels of carcinogenic PAHs. Carcinogenic 
PAH concentrations in these samples ranged form 0.037 to 3.08 mg/I. The highest 
concentrations ofPAHs were detected in MW-2 on the Wacker property which is located in the 
central portion of the property southwest of the location of the Olympic Pipeline. A total 
carcinogenic PAH concentration of 0.116 mg/l was detected in the LNG containment basin. 
This sample is considered indicative of current groundwater conditions on the NWNG property. 

Hydrogeology 

Extensive characterization of the Doane Lake area was conducted by Geraghty and Miller as part 
of the Doane Lake Hydrogeological Study. Although this characterization included a portion 
of the Wacker property, it did not extend to NWNG property due to the absence of construction 
details for the monitoring wells installed at the Koppers site. 

The geology of the Doane Lake area is comprised of five primary units. Although details 
regarding the thickness and/or "extent of these units on the NWNG property is currently 
unknown, it is likely that each of the five units.is present to some degree beneath the NWNG 
property. A summary of each unit is provided below: " 

Columbia River Basalt: The underlying unit in the Doane Lake area is comprised of Columbia 
River Basalts. The Columbia River Basalt Group is composed of multiple flows of solidified 
laya which erupted from volcanic fissures in eastern Washington. These fissures Were active 
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approximately 12 to 16 million years ago. Columbia River basalts extend over much of eastern 
Washington and northern Oregon into what is now the Portland Basin~ Columbia River basalts 
were encountered at depths of 47 to 101 feet below ground surface (bgs) in the Doane Lake 
area. 

Troutdale Formation: The upper member of the Troutdale formation consisting of sandstone and. 
cemented gravels was encountered variously above the basalt formation within the Doane lake 
study area. Although the Troutdale formation serves as an important aquifer in parts of the 
Portland area, due to its discontinuous nature, Geraghty and Miller concluded that it was not of 
major importance to the Doane Lake Hydrogeological Investigation. The work plan prepared 
by CDM does not mention the T~outdale Formation. 

CatastrQphic Flood Deposits: Two types of alluvial deposits are present in the Doane Lake area. : 
These include catastrophic flood deposits from glacial Lake Missoula and Lake Bonneville and 
fluvial deposits resulting from the meandering Willamette River. The ancient flood deposits . 
from Lake Missoula and Lake ·Bonneville resulted in erosional scouring of the Troutdale . 
formation and the deposition of large quantities of fme grained soils comprised primarily of silts .. 
and clayey silt facies. Geraghty and Miller noted that the silt unit occurred at intermediate 
depths of 20 to 50 feet bgs and is thickest beneath the Wacker property. The silt unit was 
described as containing varying amounts of very fme-grained sand, moderately plastic clay and 
carbonized organic fragments. A Hydraulic conductivity for the silt unit was determined from 
slug testing conduc~ on MW-3I on the Wacker site and calculated as 3.22 x 10.5 crnlsec. This 
result indicates that the silt unit on the NWNG site is not highly conductive. 

Willamette River De,posits: The Willamette river deposits were described by Geraghty and 
Miller as a sand unit composed of sand and silty sand facies. The sand unit was encountered 
at shallow to intermediate depths of 8 to 25 feet bgs. The sand and silty sand facies were found 
to contain very fine to medium sized sand grains, some mica flakes .and organic fragments. 
Hydraulic conductivity values calculated from slug test data obtained from the sand unit range 
from 8.36 x 10-5 to 8.59 x 10"" cm/sec. Since the sand unit is likely the result of deposition by 
the Willamette River, it is important to note that an aerial photograph from 1936 shows a distinct 
meander which stretches from the southeast corner of the NWNG property, across much of the . 
Wacker property and back east towards the railroad bridge. 

Fill Material: The uppermost unit present in the Doane Lake area is comprised of fill material. 
The exact depth of the fill material at the site cannot always b~ determined because the dredge 
material is similar to the natural sediments. The thickness of the fill material in the Doane Lake 
area was estimated by Geraghty and Miller as 10 to 20 feet in most places. Altho~gh no 
lithological data is available for NWNG property, it is likely that fill material of a similar 
thickness is present at the site. Low lying areas present at the site have typically been filled in. 
This includes the low lying area in the southeast comer of the site which is the former location 
of the sedimentation basins and the former location of the lampblack disposal area in the central 
portion of the site adjacent to the Willamette River. The Wacker site has been extensively filled 
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: i in. The purchasers of the property from NWNG agreed to fill the site to a minimum elevation 
of 30 feet by the end of 1973 and construct industrial buildings by the end of 1978. The site 
was filled with dredge material from the Port of Portland and material from the adjacent rock 
quarry. Port of Portland records indicate that 695,000 cubic yards of dredge material was 

. placed on the site in 1974. Total fill was estimated at 1.5 million cubic yards. A 1974 aerial 
photo shows the Wacker property almost completely fllied in. As described in other sections 
of this memo, fill material included rubble from the rock quarry located across St. Helens Road, 
dredged material from the Port of portland and spent oxide. Rubble for the demolition of the 
former GASCa facility as well as waste from the tar ponds may also have been used as fill 
material. 

Relevant cross-sections, fence diagrams and contour maps of various units found in the Doane 
Lake area is provided in Attachment 16. 

Groundwater: Two principal underground water-bearing zones are present in the study area, an 
upper alluvial aquifer in the flood and river deposits and a lower confined aquifer zone in the 
underlying Columbia River basalt. The alluvial aquifer is recharged primarily by direct 
infIltration of precipitation and discharge from the basalt aquifer. Monitoring wells indicate a 
general groundwater flow north-northeast towards the WilIamette River under varying horizontal 
gradients. Deviations from the general flow direction and gradient consistently occur near the 
West Doane Lake remnant located adjacent to the Wacker property in the triangle formed by the 
Burlington Northern Railroad tracks. 

Monitoring wells on the Wacker Property indicate a water table between two and fifteen feet bgs 
with a flow direction towards the western remnant of Doane Lake. Water level fluctuations in 
these wells of five to ten feet have been observed and appear to be related to the water stage of 
the Willamette River.· Surface water levels respond more quickly to recharge events than 
groundwater levels. In addition, Doane lake elevations do not respond as quickly as the 
Willamette River. Groundwater at the site is likely directly connected to the Willamette River, 
consequently shallow contamination migrating through groundwater is expected to enter the 
river. This is confirmed by the detection of contaminants in the two seepage pits excavated 
adjacent to the Willamette River and the LNG containment basin. Although the alluvial aquifer 
is unconfined, the presence of river d~posited clays may result in confined conditipns in some 
locations. In addition, these clay lenses may inhibit the downward migration of contaminants, 

Groundwater in the underlying Columbia River basalt exists primarily as isolated confined 
aquifers in the permeable fracture zones between individual basalt flows. Recharge to the basalt 
aquifer is largely from direct infiltration of precipitation. Flow is expected to be to the 
northeast. Discharge to the alluvial aquifer likely takes place. 

As part of the Doane Lake Hydrogeological Investigation, numerous aquifer tests. were 
conducted including slug tests, pump tests and a capture zone analysis. This information is well 
sl;lmmarized in the Geraghty and Miller report and will not be addressed in this document. 

-
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Exposure Pathways 

The majority of contamination resulting from operations at the former GASCO facility lies 
beneath approximately 10 feet of fill material and is in direct contact with groundwater. Based 
on borings installed on the adjacent Wacker property, an black, viscous, -oily substance is present 
on top o.f the water table. In addition, analysis of groundwater samples have detected the 
presence of elevated levels of PAHs and aromatic VOCs as described above. However, 
groundwater in the vicinity of the NWNG site is not used for domestic drinking water purposes. 
The Geraghty and Miller hydrogeologic investigation describes the overall quality·' of 
groundwater in the West Portland business district as of naturally low quality (Brown, 1963). 
The majority of wells in the area have naturally elevated levels of calcium, magnesium and 
sodium. In addition, contamination originating from neighboring sites further impacts the 
overall quality of the shallow aquifer. 

Due to the lack of groundwater receptors and the depth of the contaminated material, human : 
. heath exposures due to groundwater ingestion or direct contact with contamiriated soils is., 
expected to be low. The primary human health exposure pathway is via the Willamette River. 
Contaminants entering the Willamette River from the site may impact recreational users of the 
river such as water skiers or fishermen. - . 

The primary impact from the site is through environmental exposure pathways. In the early. 
years of its operation, the GAS CO facility discharged waste water directly to the Willamette 
River. As described previously, this waste water likely contained elevated levels of tars and 
lampblack. Following the construction of the sedimentation basins, more soluble components ' 
of the waste stream such as aromatic VOCs and two and three ring P AHs have likely seeped into 
the river. This seepage likely continues to occur. Periodic flooding along the river also likely 
resulted in releases to the Willamette River. Contamination entering the river likely impacts fish 
and wildlife which use the river as habitat. It should be noted that Sauvie Island, prime 
waterfowl and bird habitat is located only a short distance downstream. 

Under future site conditions, excavation activities may result in worker exposure to 
contaminants. Workers may become exposed to contaminants during the excavation activities 
themselves or following excavation activities if contaminated soil is brought to the surface. 
Exposures to on-site groundwater may also occur under future use scenarios. Process water 
obtained from the upper aquifer 'could result in inhalation exposures for wotkers at a future 
manufacturing facility at the site. In addition, groundwater at the site could also be used to 
provide drinking water to on-site workers resulting in additional exposure. 

Regulatory History 

In 1987, a Preliminary Assessment (PA) was prepared by Ecology and Environment (E&E) for 
the EPA on the Koppers Company site .. Although the PA recommended no further action under 
the EPA pre-remedial action program, it did recommend that the site continue to be addressed . . 
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as part of the Doane Lake investigation. . The P A concluded that the Koppers site has a low 
potential to cause human· health problems since residual contaminants present at the Koppers site 
are unlikely to influence the local drinking water source or air quality. However, the PA noted 
the potential for environmental damage through surface and subsurface migration of 
contaminants to the Willamette River. EPA has not conducted a PA for the Northwest Natural 
Gas site. 

A PA was also completed on the Wacker site for EPA by E&E in 1987. Although the PA 
agreed with DEQ's recommendation that a comprehensive study is needed to characterize the 
extent of contamination at the Wacker Siltronic site and North Doane Lake area, it did not 
recommend further action under the EPA's pre-remedial program due to the lack of human 
receptors. 

In November, 1988, DEQ notified Wacker that they had been identified as an owner/operator· 
with regard to the Gould Superfund site. In a March 24, 1989 response to this notification, 
Wacker claimed they had no legal responsibility to pay for any remedial action costs pertaining 
to their property. This claim was based.on the premise that Wacker had no knowledge or reason 
to suspect the existence of contamination on their property. However, based on a review 
conducted by DEQ and the Department of Justice, DEQ determined that Wacker did "not appear 
to have undertaken all appropriate inquiry into the previous ownership and uses of the property 
it purchased, as necessary to satisfy the so-called "innocent landowner provision" of ORS 
466.567 (1) (b) and (2) (b) as described in ORS 466.567. If _ This finding was based in part on 
the observance of "bitumen" in three soil borings installed on the Wacker property in August, 
1977, and was presented in a letter from Fred Hansen dated January 22, 1990. 

In September, 1993, a DEQ strategy recommendation prepared for the NWNG site was sent to 
NWNG, Wacker, Koppers and Pacific Northern. A DEQ strategy recommendation was also 
prepared for the Wacker site. Based on a review .of available information, DEQ determined 
that further action was required at both the Wacker and NWNG sites. The letter and strategy 
recommendation prepared for the NWNG site recommended characterization of the extent of soil 
and groundwater contamination caused by disposal of coal tars by Portland Gas and Coke 
Company. DEQ anticipated that the investigation would involve sampling on the Wacker 
property as well as property leased to Koppers and Pacific Northern. The strategy 
recommendation noted that although there was extensive contamination on the NWNG property, 
it did not present an immediate threat to human health. The NWNG site was also recommended 
for listing on the DEQ Confirmed Release List (CRL) and Inventory of sites requiring further 
action. The site was given a high priority. 

The letter and strategy recommendation prepared for the Wacker site also recommended further 
action and indicated that although sampling would focus on the NWNG site, the Wacker 
·property would require sampling. DEQ noted that the majority of the contamination on the 
Wacker property resulted from the disposal of coal tars by Portland Gas and Coke Company and 
re~ommended that NWNG should lead the investigation and cleanup. DEQ also recommended 
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that further actions at Wacker be coordinated with NWNG and that the investigation and cleanup 
of coal tar contamination on the NWNG site should include contamination on the Wacker 
property. 

A separate letter was also sent to Koppers along with the strategy recommendation prepared for 
the NWNG site. DEQ noted that in addition to coal tars deposited by Portland Gas and Coke 
Company, a disposal pit containing 'creosote and pitch from Koppers' operations was present and 
required further investigation. 

RCRA Considerations 

Portland Gas and Coke Company ceased operations in 1956. All waste disposal operations 
occurred prior to that date. NWNG is not currently listed as a generator of hazardous waste. 
It does not appear that any unregulated solid waste management units have been created by 
NWNG since 1980. 

Koppers Company ceased their disposal operations in 1973' and no longer generates hazardous 
waste. A letter sent to Koppers in 1984 by the EPA stated that they have no reason to beiiey~ _ 
that Koppers ever stored, generated or disposed of hazardous waste on the Koppers property:;: 
As a result neither a Part A nor Part B permit was required by EPA. Koppers is currently, 
classified as a small quantity generator of hazardous waste. No unregulated solid was~ 
management units are known to have been created since 1980. 

Although Wacker is classified as a large quantity generator of hazardous waste and generates 
hazardous waste from a wastewater treatment plant, these operations are not expected to impact 
the investigation of contamination resulting from operations at the former GASCO facility. 

Investigative andlor cleanup activities may generate significant quantities of contaminated 
material. This material will be subject to analytical testing to determine if it meets the definition 
of a Resource Conservation and Recovery Act (RCRA) hazardous waste. If RCRA hazardous 
wastes are generated during site activities, they 'must be managed appropriately. 

DATA GAPS AND RECOMMENDATIONS 

Data Gaps 

Despite the presence of four monitoring wells located on the Koppers portion of the site, 
groundwater at the site has not been adequately characterized. These monitoring wells represent 
only a small portion of the 47 acre NWNG site. In addition, the construction details for these 
wells are unknown and, due to their age, likely do not conform to current standards. Although 
representatives of Koppers indicate that the monitoring wells are still viable, Geraghty and Miller 
was unable to collect groundwater samples and suggested the wells had been sealed off. 
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Groundwater seepage samples are also inadequate to characterize groundwater conditions at the 
site. 

Based on a review 'of operations and waste disposal practices at the former GASCO facility, it 
is likely that significant subsurface soil contamination exists at the NWNG site. This is 
confirmed in part by the elevated levels of PAHs and BTEX detected in soil borings installed 
on the adjacent Wacker property. However, no subsurface soil data has been collected to date 
from the NWNG site. 

During the early years of operation, wastes from the GASCO facility were routinely discharged 
to the Willamette River. In addition, contamination from the site may still be entering the river 
due to groundwater discharge. However, no surface water or sediment samples have been 
collected from the Willamette River. 

During the operation of the Portland Coke and Gas Company, large quantities of waste were 
generated and disposed of on,.site. Although the location of most of the disposal areas are 
known, filling operations that took place at the NWNG site and adjacent Wacker site likely 
resulted in the transfer of waste material to unknown locations. 

Summary and Recommendations 

Based on the limited data presen!ed in this memo, significant groundwater and subsurface soil 
contamination is likely present at the NWNG site. Four groundwater samples collected from 
monitoring wells located on the Koppers site detected elevated concentrations of PAHs and 
ethylbenzene above risk-based drinking water standards. In addition, water samples collected 
from two seepage pits excavated on NWNG property along the Willamette River detected the 
presence of P AHs and petroleum hydrocarbons. This indicates that contaminants from the 
NWNG site are likely entering the Willamette River. A recent water sample collected from the 
LNG containment basin detected concentrations of carcinogenic P AHs, naphthalene, toluene and 
benzene above health based standards. 

Soil borings installed on the adjacent Wacker site detected the presence of a black oily viscous 
substance floating on the water table. Since it is likely that waste from the former GASCa 
facility are present on the Wacker property, similar conditions are expected to exist on the 
NWNG site. Consequently, the investigation should include an evaluation of the extent of non-

o aqueous phase liquid (NAPL) contamination. 

Due to the large size of the NWNG site (47 acres) and the large volume of waste generated and 
disposed of on-site by the former GASCa facility, a comprehensive remedial investigation and 
feasibility study is required for the NWNG site. A thorough background review and 
comprehensive effort to locate all waste disposal areas should occur as an initial step in the 
overall investigation in order to' focus the sampling effort. The investigation should focus 
primarily on contaminants typically associated with oil gasification facilities such as volatile 
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aromatic hydrocarbons, petroleum hydrocarbons and PAHs. In addition, due to the presence 
of lead in groundwater above the MCL and the potential for cyanide and hydrogen sulfide 
formation during sulfur removal, the investigation should also focus on inorganic contaminants 
such as metals, cyanide and hydrogen sulfide. 

With the excePtion of the Koppers facility and abandoned GASCO office building, little evidence 
of the former GASCO facility exists on-site. The majority of the site has been extensively filled 
and regraded. During a 1994 site visit, no visible evidence of surface contamination was 
apparent. As a result, the investigation should focus primarily on subsurface soil and 
groundwater contamination. In addition, since wastes were routinely discharged to the 
Willamette River and since subsurface contamination may continue to impact the river, the 
investigation should include an assessment of its overall impact (past and current) on the ri~er. 

DEQ believes that the investigation should also include property owned by NWNG and leased 
to Pacific Northern and Koppers. However, since Koppers disposed of creosote and coal tar 
pitch in on-site ponds, it may be difficult to determine which contamination can be attributed to. 
the former GASCO facility and which is a result of operations at the Koppers facility. 
Consequently, it is recommended that Koppers participate in the investigation and cleanup of " 
their facility. Although Koppers Industries was founded in December, 1988, as stated in their.: 
response to DEQ's September 1993 letter, they are still considered liable for cQntamination 
caused by their. predecessor Koppers Company. . 

DEQ believes contamination from the former GASCO site is likely present on the Wacker. 
facility, Consequently, remedial actions selected for the NWNG site may be ineffective if 
contamination present on the Wacker site is not included in the overall remediation scheme. As 
a result, DEQ also encourages NWNG to work with Wacker to resolve issues regarding 
contamination on the Wacker property. Although Wacker does not 'consider itself liable for pre
existing contamination under the innocent landowner provision (ORS 465.255 (2)(a», DEQ has 
determined that Wacker should have reasonably known of the release at the time of purchase and 
is consequently liable for previous contamination at the Wacker site. 

Due to size of the investigation required and the length of time it may take, it is recommended 
that NWNG enter an RIlFS Agreement with DEQ as. soon as practicable. 
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Attachment 1 
(In Chronological Order) 

1) Date Unknown - Summary of Koppers Company, Inc. data prepared by DEQ 

2) Date Unknown - North Doane Lake Site History Summary prepared by DEQ 

3) 9/77 - Preliminary and Supplemental Site Investigation Report prepared by CH2M Hill 

4) 2/12/79 - Memo from DEQ regarding Wacker oil release 

5) 3/7/79 - Memo from Wayne Hanson, CH2M Hill regarding Wacker oil release. 

6) 2/8/80 - Memo from Fred Bromfeld; DEQ, regarding Doane Lake Study 

7) 812184 - Letter from NWNG to Charles Gray, DEQ . 

. 8) 6/85 - Preliminary Report - Soil Investigation for Proposed Poly silicon plant. Prepared 
for Wacker Siltronics by CH2M Hill . 

9) 6/19/85 - Memo from Fred Hansen to Governor Vic Atiyeh regarding the history of the 
Doane Lake Industrial district. 

10) 6/24/85 - Oregonian Article regarding proposed Wacker Siltronics expansion. 

11) 8/6/86 - Memo from Neil Mullane, DEQ regarding Northern Doane Lake investigation 
strategy. 

12) 6/87 - North Doane Lake Site Characterization Work Plan prepared by Camp Dresser 
and McKee. 

13) 10/87 - Preliminary Assessment report for the Wacker Siltronics site. Prepared for EPA 
by Ecology and Environment. 

14) 10/87 - Preliminary Assessment report for the Koppers site. Prepared for EPA by 
Ecology and Environment. 

15) 7120/88 - PRP 104(e) Response Records Compilation - Final Report, Doane Lake Area. 
Prepared for EPA by Ecology and Environment. 
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16) 3124/89 - Letter to Fred Hansen from James H. DiSorbo, President, Wacker Siltronics 
Corporation. 

17) 6/9/89 - Memo to Fred Hansen regarding Wacker Siltronics past practices. 

18) 6118/89 - Memo. to Fred Hansen regarding Wacker Siltronics past practices. 

19) 8/15/89 - Memo to Larry Edelman, Oregon Department of Justice, from Rick Malin, 
DEQ regarding Doane Lake. 

20) 11/6/89 - Telephone memo documenting conversation between Sarah Anderson of DEQ 
and Larry Edelman, DOJ regarding Wacker innocent landowner defence. 

21) 12/14/89 - Memo to Governor Neil Goldschmidt from Fred Hansen regarding Wacker 
legal liabilities. 

22) 1122/90 - Letter from Fred Hansen to James DiSorbo, President, Wacker Siltronics 
Corporation. 

23) 12/90 - Findings Report - Groundwater and Soil Gas Investigation. Prepared by CH2M 
Hill for Wacker Siltronics Corporation. 

23) 2/91 - Hydrogeological Investigation of Doane Lake Area - prepared by Geraghty and 
Miller . 
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ATTACHMENT 2 

SITE LOCATION MAP 

i 
.[ 

Koppers022323 



I 

·r 

Koppers022324 

.-i 

<. 



AITACHMENT 3 

SITE LAYOUT MAP 

Koppers022325 



S 
"0 
"0 
CD 
~ 
o 
N 
N 
(,V 
N 
(J) 

U.S. CORPS or 
ENGINEERS DREDGING 
FACILITES 

I 

y ~:, .' ~ ... ~, ".'.'-:.--:. ~'W:'~':':_'_':.: " :: ' ... : ' ~ .. 

WlLLAMETTE RIVER -
RTHWESTO 

llel.E:Ns l?OAlJ 

[l 0 00 
a 

KOPPER'S 
LEASE AREA 

[? 

WACKER 

II 
OLY)lPIC PIPELINE AND tJ'1'lLl'I'IF!! EAS~ 

o 

ROCK 
QUARRY 

)( 
....... _-

SILTRONIC 

I 
I 
ill 
ill 

NORTHlfEST PORTLAND 
INDUSTRIAL AREA 

~ 

NORTH DOANE'S LAD 8m; om:snOAnoR 

sruDY AREA FEATURES 

CAIIP ORE3S1R .. IIcICEE INC I SHCET NIl. 

D<IO I51h nna 
lUff[ 4. 
KXVn,....- ..... 

CDMI 2-2 
~ ..... ".. .. t 

t 
( 



ATTACHMENT 4 

GASCO PLANT LAYOUT MAP 
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ATIACHMENT 5 

DOANE LAKE AREA MAP 
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PRE-1941 DISPOSAL AREAS 
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POST-1941 DISPOSAL AREAS 
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Altechment 8 • Groundwel ... end Olher Aqueou. Dele· Norlhw •• t Nelurel a .. Sit. (mg") 
(Kopper. Ind NWNa Dele) 

Koppe,. Koppe,. Kopper. Kopper. NWNG Koppers NWNG NWNG NWNG 
GW-8 GW·9 GW-l0 GW-ll Sump Seperalor Seep 1 Seep 2 LNG Basin 

(12/84, 112/84, 112/84' 112/84, (9/84, 112/84, 19/85, (9185, (11/93) 

Volalne Organic Comeound, 

Benzene NA NA 8.3 
Toluene 0.02 NA NA 2.5 
Elhylbenzene 380 24 51 0.08 NA NA 0.28 

Xylene (Tolal) 2800 3.4 180 22 0.11 NA NA 0.82 L.-

Semlvolalne Organic Coml!!!und, 

i Phenol 

j 2,4·Dlmethylphenol 

I 2·Methylnaphthalene 0.3 8 14 0.14 

! Ac.naplhene 45 3 1.2 0.03 0.02 0.3 0.018 

Acenaphthyllne 0.03 0.023 0.014 

Anlhraclne 330 8 47 0.008 1.8 0.3 0.0047 

Benzola,enlhracene 0.3 0.001 1.8 0.4 0.014 

Benzola,pyrene 2.4 0.018 

Benzolb,fluoranlhene 2.8 0.024 

; Benzolghqperylene 0.013 

Benzolk,fluoranthene 0.0054 
" Chry,ene 3 2 ,0.5 0.001 2.4 0.7 0.023 
j Dlbenzolah,anthracene 0.0034 

Dlbenzofuran 0.1 8 8 

Fluoranthene 110 4 3 1.8 0.007 8.4 1.4 0.031 

Fluorene 85 3 3 1.8 0.02 0.018 1.4 0.3 0.0098 

Indeno(123-ed)pyrene 0.014 

Naphlhalene 48 3 2 4.2 2.24 22 0.1 1.3 

Phenanthrene 240 11 8 5.5 0.08 0.051 10 1.1 0.038 

Pyrene 88 3 2 0.01 0.007 5.1 2 0.028 

Carcinogenic PAH. 0 3 2 0.8 0 0.002 8 1.1 0.1158 

Non-Carclnogenlo PAH, 928 38.4 80 38.8 2.39 0.272 47.5 5.5 1.4415 

::::'\ Tolal Metal. 
0 
"0 
"0 Lead 235 22 23 47 NA NA NA NA 
CD menlo NA NA NA NA 0.005 NA NA NA NA ., 
CIJ Nickel NA NA NA NA 0.08 NA NA NA NA 0 
N Zinc NA NA NA NA 0.1 NA NA NA NA 
N 
(,V 
(,V Note: Some VOC and 2-methylnapthal_ re,ulte were detected .. tenatlvely identified compounde (TICs, -..r 
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1 
Allachmenl10 - Miscellaneous Soli Data - Northwesl Natural Gas SII. (mg(kg) 

Koppers Storm NWNG Contain NWNG Contain Wacker Wacker 

Basin Sed Basin Sed Basin ~ed Soli Boring Soli Boring 

SS-8 SS-9 SS-1.0 B201 B202 

(9/84) (9/84) (12/84) (1/90) (7/90) 

Volatile Organic Compounds 

Benzene NA NA NA' 29 
! ..... 

Chlorobenzene NA NA NA 1.4 0.37 
Ethybenzene NA NA NA 55 3.6 

Styrene NA NA NA 1.3 0.49 

Toluene NA NA NA 26 2.8 

Xylene NA NA NA 57 6.8 

Semlvolatlle Organic Compounds 

Acenapthene 150 15 90 450 120 

Acenaphthylene 15 80 170 240 

1 
Anthracene 1350 70 430 250 

Benzo(a)anthracene 30 20 210 190 

Benzo(a)pyrene 90 210 240 

Benzo(b)lIuoranthene 140 180 

~ eenzo(ghijperylene 140 120 

eenzo(k)f1uoranthene 120 190 

'1 Chrysene 30 10 40 280 260 

Dlbenzo(ah)anthracene 

Dlbanzofuran 52 28 

Fluoranthene 140 30 140 780 760 

Fluorene 280 15 120 350 210 

Indeno(123-cd)pyrene 160 
::::'\ 2-Methylnaphthalene 900 330 0 
"0 N.aphthalene 140 920 1750 3000 840 
"0 
CD Phenanthrene 840 60 560 1900 1200 ., 
CIJ Pyrene 120 35 160 690 800 0 
N 
N 
(,V Total Carclngenlc PAHs 60 10 150 960 1220 
(,V 
CD Total Non-carclnogenlo PAHs 3020 1090 2970 9062 4898 
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Attachment 12· Groundwater Data· Northwe.t Natural G .. SlIe (mg/I) 
(Wacker SUlronlc Dala) 

GW·l GW·2 GW-3 GW-31 GW-4 GW·5 GW.a GW·7 GW·7 
(8/85) (8/85) (8/85) (10/90) (8/85) (8/85) (8/85) (8/85) (10/90) 

Volatile Organic Compounds 

aenzene 1.1 0.1 0.39 1.2 
Toluane 
Elhylbenzene 0.41 0.35 
Xylene (Total) 1.2 0.032 0.015 0.43 

Samlvolalile Organic Compound. 

Phanol 0.003 
2,4·Dlmelhylphenol 0.027 
2·M.thylnaphthalene 0.28 0.067 0.019 0.012 0.041 
Acenaplhene 0.27 0.94 0.088 0.083 0.35 0.054 0.2 0.019 0.002 
Acanaphlhylene 0.088 0.2 0.002 0.03' 0.032 
Anthracene 0.039 0.83 0.002 
aenzo(a)anthracene 0.031 0.48 0.012 
aenzola)pyrene 0.04 0.76 0.01 
aenzo(b)fluoranlhene 0.024 0.4 
aenzo(ghl)peryl.ne 0.025 0.37 
aenzolk)fluorenthane 0.12 
Chrysane 0.038 0.65 0.015 
Dlblnzolah)anthracene 
Dlbanzofuran 0077 0.075 0.004 0.024 0.003 
Fluorenlhene 0.073 1.38 0.005 0.023 0.003 
Fluoren. 0.095 0.44 0.013 0.022 0.053 0.012 0.035 0.003 
Indlno(123-cd)pyrene 0.02 0.3 
Naphthalene 1.8 0.8 0.77 0.35 0.058 2.1 0.005 
Phananthr_ 0.19 0.83 0.013 0.006 0.028 0.021 0.058 
Pyr.ne 0.081 1.43 0.004 0.014 0.01 0.01 0.011 

Carcinogenic PAHI 0.178 3.08 0 0 0 0 0 0.037 0 
Non-Carclnog.nlc PAH. 0.913 7.885 0.779 0.908 0.814 0.198 2.498 0.053 0.018 

I..-



S 
"0 
"0 
CD 
~ 
o 
N 
N 
(,V 
.j::>. 
(,V 

1 

i 

1 
I 
~ 
i 

~ 

~ o. 

j 
! 

Attachmenl12 • Groundwater Data. Northw .. t Natural G .. 511. (mg/I) 
(Wacker SIIlronlc Data) 

GW-l GW-2 GW-3 
(8/85) (8/85) (8/85) 

Chlorinated Pesticides 

Alpha-SHC 
..... ·-DDT 
Endrln 

DIt.olved Metal, 

l.ad 0.052 0.04 0.025 
Ar •• nlc 0.005 0.005 
Cadmium 0.003 0.002 0.001 
Chromium 0.01 0.008 0.005 
Copper 0.002 0.007 0.001 
Nickel 0.01 0.007 0.005 
ZInc 0.028 0.018 0.017 

Cyanld. 0.18 0.058 0.13 

GW-31 GW-4 GW-S GW-8 GW-7 GW-7 
(10/90) (B/85) (8/85) (8/85) (8/85) (10/90) 

0.24 0.08 
0.28 

0.02 

I...-

0.049 0.028 0.03 0.02 
0.01 

0.003 0.002 0.002 
0.009 0.008 0.008 0.004 
0.002 0.02 0.001 0.004 
0.011 0.008 0.008 0.003 

0.05 0.011 0.011 0.047 0.0258 

0.107 0.93 0.13 '0.04 0.033 0.031" 
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ATTAC-t\ kcUT 13 
MOBILE LABORATORY ANALYTICAL TEST RESULTS 

GROUNDWATER AND SOIL GAS SAMPLES 

Ethyl- M,P- 0-
Simple Locallon Simpia Collection Dc:nunc Toluene Denune:. Xylone Xylone: TPII 

Number Dllo (PaIL) ("g/L) (pg/L) (P,/L) (pg/L) ("g/L) 

GW-{)I 10110/90 221.00 <0.10 <0.10 <0.10 <0.10 <0.10 

GW..02 10110190 111.00 <0.10 <0.10 <0.10 <0.10 131.00 t,.... 

OW~3 10/11190 13.SO 1.10 'I.SO 3.30 2.30 43.60 

OW-()4-A(I) 10111190 391.00 <0.10 61.00 23.00 22.00 406.00 

GW-G4-B 10111190 314.00 7.10 7S.00 30.00 2S.OO 397.00 

SCHIS (b,c) 

GW-06 10111190 S9.lO UO 196.00 4.10 13.80 6S7.OO 

GW~7 10111190 17,560.00 13.10 126.00 12.4.00 52.60 17,000.00 

GW~' 10111190 215.00 <0.10 129.00 33.10 32.30 369.00 

OW-09 10111190 371.00 13.10 74.40 34.10 32.40 791.00 

OW-IO 10/12190 1.120.00 23.90 471.00 240.00 117.00 5,090.00 

OW-I I-A 10/12190 11,100.00 3,910.00 2,520.00 2.310.00 1.130.00 56,500.00 

::::'\ 
0 OW-II-8 10112190 23.300.00 5.960.00 4.610.00 4.4SO.OO 2.000.00 19,140.00 
"0 
"0 
CD ., OW-II-C 10/12190 .... 470.00 5,590.00 4,510.00 4,372.00 2.0SO.OO 81,2.40.00 CIJ 
0 
N 
N 
(,V 

i .j::>. 
.j::>. 

I 
I ............... •• J i-
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ATTACt-)H:eJJT 1.3 
(Contl,nued) 

Ethyl- M.P- 0-
Samplo Locallon Samplo Collection Benzeno Toluene Benune Xylene Xylene TPII 

Number . Dlto (p,/L) (pS/L) (lIg/L) (lJg/L) (pg/L) (IIg1L) 

So-I2(c:) 10112190 500.00 58.20 279.00 237.00 70.10 1,760.00 

SO-I3(c:) 10113190 1.28 <0.01 <0.01 <0.01 <0.01 687.00 

OW-14 10112190 1.60 <0.10 <0.10 <0.10 <0.10 74.10 I ..... 

OW-IS 10112190 23.20' <0.10 75.90 <0.10 21.30 1,330.00 

OW-16 10113190 12,600.00 214.00 1,610.00 . 1,110.00 131.00 21,400.00 

OW-17-A 10113190 11,300.00 662.00 1,610.00 1,690.00 7611.00 24,900.00 

OW-17-B 10113190 10,930.00 574.00 1;370.00 1,410.00 632.00 19,400.00 

j OW-II 10113190 250.00 20.40 64.20 511.SO 21.10 62].00 

OW-19 10113190 52.40 <0.10 13.00 12.60 1.00 141.00 

~ 
.1 

OW-2o-A 10/13/90 2,920.00 10.60 1,690.00 1,230.00 673.00 16,600.00 
1 

OW-2o-B 10113190 3,120.00 15.60 1,720.00 1,230.00 667.00 14.500.00 

OW-21 10113/90 2,510.00 349.00 37.60 . '~.60 33.00 3,140.00 

OW-22-A 10114190 <0.10 <0.10 <0.10 <0.10 <0.10 12.10 

OW-12-B 10114190 1.00 0.70 <0.10 <0.10 <0.10 11.10 
::::'\ 
0 

<0.10 419.00 24.60 635.00 '0 OW-23 10/14/90 3]5.00 67.30 
'0 
CD ., 

OW-24' 10/14190 4,710.00 594.00 926.00 I,OSO.OO 500.00 6.330.00 CIJ 
0 
N 
N OW-25-A 10115190 <0.10 <0.10 <0.10 <0.10 <0.10 26.10 (,V 
.j::>.. 
(J1 

OW-25-B 10115190 3.70 <0;10 <0.10 1.70 1.90 25.30 



S 
'0 
'0 
CD 
~ 
o 
N 
N 
(,V 
.j::>. 
(J) 

".1 ••. 

A-rrAC+\K 'E-0T \~ 
(Conllnued) 

Ethyl-
Simplo LocaIIoA Simple Collection BCllUno Toluene BCll%CRe 

Number 0110 (eglL) (pg/L) (pg/L) 

OW-26 10/15190 5,920.00 910.00 584.00 

OW-27-A 10115190 10,300.00 627.00 1,220.00 

OW-27-D 10115190 11,400.00 '320.00 1,340.00 

OW-11 10115190 349.00 9.70 <0.10 

OW-29 10116/90 541.00 <0.10 163.00 

(I) Tho lettor •• A,· ·B,· and ·C· followlna tho IImplo locallon number Indlc:ato dupllcale anaI}'.II. 
(b) Simple WI. 100 concenlrlled for lnllrumcnl callbrilion dina. 

- ,(c) Oroundwator IImplo nol collceled II thI. location. 

NoIOI: 
OW. Iroundwater IIIDplo: sa .. IOU IU IImpio. 
Detection Umlta for aroundw.ler" 0.10 ,.aIL: SoU IU ddectlon limit ... 0.01 PIll. 
< .. Analyto Dol ddoc:lod at coDCCJIlratloa pollod. 

AlllrOuadwator lamplCl colIocIod II 25 fod below Iround .urf.co. 
A11l1mplCl analyzed by Hydro 000 CholD MobUo lib, U.lnl modlflod EPA Method 1015 • . , 

t ,,~~tIU'l ...... . 

M,P- 0-
Xylene Xyleno 
(P,/L) (,.g/L) 

580.00 301.00 

1,250.00 597.00 

1,430.00 656.00 

6.20 16.20 

<0.10 19.40 

'.: ... 

TPII 
(PI'L) 

12,040.00 

16,300.00 

20,100.00 

321.00 

735.00 

.. 

I .... 

1 
I 
i 
! 
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"0 
"0 
CD 
~ 
o 
N 
N 
(,V 
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AITAC-Hr\EUT IS 
QUALITY CONTROL ANALYTICAL TEST RESULTS 

Sample E!hyl- M,P-
Simple I..ocIllon AnilyUcaI Collcellon Denune Toluene Benzene Xylene 
Humber Laborllory Dlle (pC/L) (pg/L) <llc/L) (pC/L) 

aW-G4-A(I) HYDRO aEO CUEM 10/11190 391.00 <0.10 68.00 23.00 
aW-G4-B 10111190 384.00 7.10 75.00 30.00 

aW-04 CH2M IIILL 10111190 280.00 9.BO BO.OO H/A 

aW-{J7 HYDRO aEO CIIEM ' 10111190 17,S60.OO 13.10 126.00 114.00 

OW-G7 CH2MHlLL 10/11190 8,400.00 100.00 770.00 H/A 

OW-27-A HYDRO aEO CHEM 10/15190 10,300.00 627.00 1,220.00 1,250.00 
aW-21-D 10/15190 11,400.00 320.00 1,340.00 1,430.00 

OW-'l7 •• CH2M HILL .10/15190 18,000.00 280.00 1,010.00 H/A 

(a)Tho IcIt« -A· followlnl!he ample location Dumber Indlealea field ample; -0- Indlcatea. dupl\eale ample. 
(b)CH2M HILL analyzed for TFH Oal and wu rec:ordedln mIlL unltl. fbll unit wu converted to uglL for comperllOn 

pllrpolCl (where 1.0 mIlL'" .001 pg/L). 

HotCl: , , 

0- Total 
Xylene Xylenee 
(PC/L) (pC/L) 

22.00 45.00 
25.00 SS.OO 

H/A 70.00 

S2.60 176.60 

H/A 540.00 

597.00 1,847.00 
656.00 2,086.00 

H/A 490.00 

.. Due 10 !he conc:cntrallon of brad compouDdl, aW-27 wu dUuled at 1:50 and !hen aglln II I: 100. Rcportlngllmltl have been adjusted accordingly. 
< .. aneJyto not ddcelcd It conc:cnlraUon polled. 

AJllroundwlter .. mplee collceted al 2S fed below ground lurface. 
CII2M HILL lab amplee analyzed ullng EPA Mdhod 801.511020. Hydro 000 Chem MOOUe Lab .. mplee analyzed ullng MODIFIED EPA Mdhod BOIS. 

, Ddcellon Llmltl for lIydro aoo Chem groundwller amplee .. 0.10 pg/L. 
NIA "',Lab did NOT ANALYZE for Ihll co~pound. 

_.' ... n''',M., ... ,,' 

TFII(b) 
TPII aAS 

(pg/L) (pg/L) 

406.00 (a) 
L.-397.00 

1,300.00 

17,000.00 

19,000.00 

16,300.00 
20,800.00 

40,000.00 



J 

RESIDUAL TAR PROPERTIES SUMMARY 

Collection Date: 1970 and 1971 (4 samples) 

Bulk Tar Analysis (weight percent) 

Vet ~ 

Tar 69.2 93.5 
Vater 26.0 .l 
Ash 1.8 2.4 
Naphthalene 2.2 2.9 
Sulfur 0.8 1.1 

Specific Gravity wet 1.225 
dry 1. 28 

Viscosity range (cp) 28,000-67,200 

Fraction soluble in CCI4 46% 
Fraction soluble in Acetone 50% 

Bulk Tar Distilation Data 

Temperature °C 

141 
141-170 
170-270 
270-300 
over 300 

Cumulative % 
Vaporized 

o 
.93 

10.86 
21.34 
78.66 

Acetone Soluble Fraction Distilation Data 

Temperature °C 

145 
225-236 
236-280 
280-295 
295-310 
310-365 
over 365 

Cumulative % 
Vaporized 

16.3 
22.1 
40.2 
58.3 
66.6 
33.4 

initial boiling point 

solids and high boiling liquids 

initial boiling point 

solids and high boiling liquids' 

Koppers022348 
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PAHDATA 
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i 
I 

! 
t· 

L. 

" ,~, 

,. 
f··:-

l 

- .al ... l fo~a 

,-.leal at.ruc:t.ure 

... •••••• r 

I.nt.!tieat.lon numb.rs: 

CAS 1l_lht.ry 

KIOSK Iln:cs 

EPA Ha.ardoua W •• t.e 

CllVTAIlS 

DOT IUH/KAlltt:O 

&SOli 

HCI 

:s= 

,aleal .t.t.. 
1Unl point. 

ndt.>, 

Odor 

or u.r •• bold: 

Wat.er 
Air 
.lub1Ut..,: 

Wat..r 
Orlan1c a01 •• Dt.. 

shlpp1nl 

.. 

.rt.it.ioa coafficiaat.. 

.por pra.aura: 

1IIU'7'. 1 ... coe_tAD&. 

·onveca1on '_.cLoZ'a 

Ac.napllth.n. 

1.Z-d1bydroa .. eoapll1byleD.; 
1.a-d1bydro.caDapbthalln.; 
1.1-.tbylen.napbthal.n.; 
1.2-d1bydro.cea.phLh71.a. 

110 dat.a 

-00 
Ko dar.. 

83-32-' 

AlI1000000 

110 dat.a 

IZOOU£ 

~o dat.a 

1£" 

Ko d.r.. 

Ko d.t.. 

1'4.%1 

~bcaob1e 1I1pynmldal 
D .... l ... rr... alcohol • .mU •• 

I.edl •• 

SoUd (n.ed1 .. ) 

9!1'C 

".Z'C 

1.225 at. O'C 
1.024Z at. O·/.'C (II) 

110 uta 

thnahold odor eODeallt.nt.1011 
(toe) 1ft .at.ar at. roaa 
t..mpar.wra 

0.01 '~. r_~ O.OZ-O.22 liP" 
I. OslO ppD 

Inaolull1. 
Solubl. 1ft alcohol. _thano1. 

propaD01. clllorotoal, II ... " ..... 
t.ol.u..... lladal ac.Uo .dd 

~ow - '.6s10J
, ~oo - •• 's10

3 
(0' 

••• 7s10-3 ..ea, (d) 

.0 datA 

Ko data 

Ko data 

Duac. 1& .aderat.aly f1 ___ 1. (e) 

110 dat.a 

Ko dar.. 

10 dar.. 

201-96-1 

AlI~4000 

10 dar.. 

Ko d .. t.a 

110 dat.a 

2"1 

110 dat.. 

110 dat.a 

1'4.20 

rr1~ fram .Lb.~; pla~ •• 
fr_ alcohol. 

Sol.1d (pri..tp1at..) 

92-93'C 

0.'911 .. t. l£'C/Z'C 

10 dat.a 

10 dat.a 

liD dat.a 
10 dat.a 

3.93 q/L .at..r 
Alc:obol. eLbaJ:, b.a ..... 

.; 

101 ~ - 4.g7 
~~ -OJ.3aI0 ; ~qo - 2.!lz10 (0' 
O.oZ' t.o~r (ZO'C) (e' 

"0 dat.a .0 d.r.a 

Ko dar.a 

ADu.ra .. 1D; IneD 011; par_aph
thal.D. (II) 

t.tra 011 •• IZG (e) 
ADu.r.CaD. 011, 

10 dat.a ;.," 

/ I. 

000 ·' : ~ 
" 

LC666J 

" 120-U-7 (II); 

CA 93'0000 

Ko d.t.a 

1200122 

Ko dat.a 

702 

110 d.t.a ,. 
Ro·d.". 

171.Z (t) 

tlll>l.t. or IIIOftocl1nic I'd .. 
whan puz. (t) 

Colorl.s. w1th violat. fluor.
.cane. when pu.ra: yellow .U.h 
Ir.au fluor •• ceDc. wbaD 
impure 

So11d (t.1II>1.t. or pr1 .. ) (f) 

Zll'C (t) 

34Z'C (t) 
340'C (II) 

1.2!1 at. Z7'/4'C 
1.Z13 at. %!I'/4'C (II) 

10 dat.a 

Ko dat.a 
110 dat.a 

V1rt.u.lly iD.o1ubla 1a .... t.ar " 
Banzene. c.~bon dlaulphlda. 

ca.rlloa ht.ueh10r1da. c11loro
fODi. .th.". athanol. _th ..... 
t.olu .... It) 

Ac.t.oa. (II) 

loa ~ow - 4.p 
~oc - 1.'.10 ; I~ - 2.1:&10

4 
(e 

1 _ .t. 14~'C (f) 

1.7sl0-' torr at. %!I'C (e' 

1.'slO-!I (e) 

!l40'C 
1004 " (I) 

250" 

110 dat.a 

No daLe 

Koppers022350 



·,o.1eal to~la 

•••••• rr 

" ent1tleat10n numb.rs:' 

:tlOSl! aTICS 

EPA Baaardou. W •• t. 

XIT/UII/IlA/IK:O ahipplna 

Holacular w.laht 

Color 

!'by.leal at.at.. 

tMlUoa polnt. 

101111>& po1nt 

DaoaLt.y 

Odor 

Odor thr .. holel: 

W.t.er 
Air 

liolubLUt7: 

Wat..r 
. Or,anLc aol" ... c.a 

Part.lt.lon co.fflclenc.a 

Al&c.olaDl t.lon t.e.pant.an 

Fl .. hpolnt. 

Ft-ablUt.y lJalc.a 

l&DaC.)anthrae.o. 
1.:l-beDaanthr.een.: b .... oCb)
PI __ thr.oe: 2, S-bensopbenan
thr_.; t.uapllen. (d) 

IA h) 

In data 

"-"-3 

r:v ';:7'000 Ca) 

UOta 

10012.3 

.0 dat.a 

40D3 

10 det.. 

110 dat.a 

UI.Z9 (h) 

1'lat. •• with ,allow-blue fluor
e.c.uc. (~ecry.t.alli&ad from 
Ilecial acatic acid or athan.) (b) 

SoUd (plat. •• ) 

158-159'C (h) 
16Z'C Cb) 

400'C Ca) 
43"C .ub~. (i) 

1.274 (ZO'C) 

"0 da~a 

110 dat.a 
10 dat.a 

Vlrt.oall, loaolubla ('-14 -.IL) (f) 
S11abt.ly aolubla 10 ecat.lc acid 

_d bot. .u.-1.; aoluble 10 
ao._ • .-d dlat.bFl .t.h.r: 
-rr soluble 10 '-_.... If) 

Xow' - 4.1&10', Eo. - 2z10' (I) 

2.Zzl0-1 t.or.r (20'C) 

1&10-' 

.0 dac.a 

.0 dac.a 

10 elat.a 

.0 dat.a 

leoaold.flehEYaen.: 3,4-beDaopyreoa. 
S.4-benapyren.: benal.lpyren.; B1': 

3. 4-lan&( .).capllaoaoU.EY 1.0' 
2.S-banaCluoranU.en.: 3.4' 
banafluouoU..oa: 2.3-bao&0-
fl\tOzoant.hene i 3. 4-benaofluor
... u. .... : b.oaoCa)fluonot: .. 
I(b)t (b) 

BI.IP Cb) 

In elata 

C:oB12 (b) 

L D' .,'" %AI tJ 

'O-U-I 

DJ367'OOO 

UOU 

120012' 

10 da~a 

110 claLe 

10 da~a 

2'2.3 (n 

Pal. ,.llow: fluor •• c •• (f) 
,allOW-lr.en in ulLrav101et. 
Uabt. u) 

P1ac.a. or n.adl •• (1) 
(r •• ryat.a111&ad from 
ben&an./11lrolD) 

In-l".S·C U) 

:hO-312'C (at. _ BI) (1) 
4U'C (at. _ III) (J) • 

1.351 

~ 

.0 elaL. 
110 elat.a 

• 'S.blO-6 aIL Ce) 
lpuiDI1, aoluble in 
.u.-l ....s _U. ..... l: 
_lubl. 10 ban ..... , 

10 data 

L C " 1:666 1!- tJ 

20~-"-2 (b, 

CU 1400000 (c) 

110 dal.a 

•• elat.a 

110 dat.a 

110 data 

I 
Coloda .. oaedla. cq 
I.adla. racEYltaWaacS Cr' 

b ... sao. (b) 

Solld (o.adl •• ) (b) 

168.3'C (f) 

10 elat.a 

,:: •• '~'" •• -:.1 • 

10 elat.. ."'!' •. :-1·.· .• 

10 eI.t.a 

J 
/ 

10 d.t.. I 
10 elat.a 

14 "aIL (c) 

Vlrtually lnaolubl. in .at..r 
, SUpU, aolubl. 10 ban ...... 

.... _. (I:) 

, " ... ' ..• ' 1.'. (r! 
• -: t .......... :: C'Olu ..... .,-1 .... ; .-d .u.or U:) 

k .. - 1.,,.10' lei 
lOa k ... - 6'2' koc _ ~.5z10 (0) 

,.b10-f_ .. (c) 

•. talo·' a~S/8Dl Cc) 

UDkDoona 

UDkDoona 

,1IDi::Do.a' . 
1 ". - 10.32 -it.S (1) 

•... ~ .. 
io-~io-' t.o%r at. io'c 
'i::J.do-; (~) •. 'H"'.'-'" 

'. Io"~~ , . . " .. ~~.:J. r- :.~. ~~~., \~~:';. 
10 elac.a ," ... j t~.: !. ~e; ,'':'', -

; .~~ ... ~ ..... ::...;;1~1./re :.r~"~ 
.•••. ! -:"'. '. 10 •• ta .:...:- .;'.' ':. 

Koppers022351 



L 

Trad. Q .... 

LAe.!cal .~ruc~ur. 

Iw •••• r 

'nU!1ca~ion n ...... u.: 

rrCS8 a.TECS 

~rA Bazardoua W •• t. 

"leHITADS 

xrr/UN/HAllHOO .hlppinl 

dSDII 

ICI 

:rcc 

11cal ·.~ata 

U", po1Dt 

,I UDI polDt 

lit.y 

r 
i ~ 

r th .... bold: 

at..r: 
.1r 

rlmie .olv_t.. 

'. 
titlon co.ttlei ... t. 

~r pE ••• \lZ'.: -

'C"/'. 1 .. C0Da1t.aDt:. 

.01,Dition t.-perat.u>:. 

abpoiDt 

','-bCDStluoranthea.; ','-II.n&o-
.. ~_th_.: 11.12-ben.oU .... r 
.u.-.: 2.3.1.II-blA.phthyl .... ; 
41lMaaoCbJk)fluoun. (b) 

Ifo data 

~oB12 Cb) 

110 d.~a 

107-08-' (b) 

Dr 6350000 (I) 

No data 

110 d.u 

No data 

Ko d.~. 

110 data 

110 d.~. 

151.3 It) 

ra1. y.llow aaedtaa (t) 

SoUd (aaedlaa) 

215.7·C (t) 

·UO·C (f) 

110 data 

110 data 

110 data 
10 data 

Vlztually iIlaolubl. It, 

Soluble ia b_ .... a. acaUc 
add. .Lbaol (t, 

E ... - 1.15z10-'. E ... - 5.~105 (c) 

'.10-7 CI0'C) tor% Cc) 

3.87:010-5 (c) 

I~ data 

10 data 

110 data 

110 data 

1.12-b .... operyl.n. Cd) 

Ifo data 

10 daLa 

1tl-14-1 (d) 

D1 6100500 c.) 
'110 data 

1110012' 

lIo data 

110 data 

No data 

110 dau 

10 da"" 

110 dat.a 

273'C (b) 

W'C (0) 

110 da"" 

10 data 

110 data 
110 data 

1.6.10-4 aIL 15'C (e) 

110 da"" 

... 

E ... - ~.2%10'; Eae - 1.6%10' (0) 

1.03%10-10 C25'C) torr Ce) 

1.44&10-7 (e) 

110 da"" 

110 data 

110 da"" 

110 dar.a 

Chry •• n •. 

1.Z-I .... oph_tbuna: b.Q1oCa) . 
phanan~ .... : 1.2-b-.ph __ _ 
~an.; b .... Ca'phao_~_.: 
1.2.5.6-d1b.nzonapbthalaoa 

lot app1icabla Cb) 

C18B12 Cb) 

. ~ oql 
oor.~)· 

110 da~a 

118-01-' Cb) 

GC 0700000 C.) 

UOSO Ca) 

Jio da~a 

1110 

110 data 

No dat.a 

2211.3 (t) 

Colorla •• wlth b1ua fluor.
.c.nca; otborba.blc bipyr..-
1da1 plata a Cr.erylt.alli.ed 
from b.D •• D.) ct) 

Rad with blue fluoE •• canc. 
(xacryat.aL11zad troa banz.ae 
or acetic acid) (b) 

So11d (pla~al) (b) 

255-25&'C (t) 

4U'C (t) 

1.lH (S) 

110 data 

Ifo data 
110 data 

V1rtually lnaolubla 1.. wat..r 
(1.5-1.1 _ilL) (f) 

Slllhtly .olubla In ac.ton •• 
carbon d1lulph1da. diath71 
.th.r. ath ..... l (1 ,/1300 Ill. 
at.banol)-. ,laclal ao.&.10 acid 
tolu .... 10.24 parLa/lOO parta 
at 18'C 1 11480 .1 at 10'C; 
51 at 100·C). bot rylln •• 
Soluble 1n b......... (t) 

Hodlr.t.ly .olubl. in bollia, 
b.nzen. (I) 

Eo. - 4.1%105; Eoe - 2%10' Ce) 

..3%10-9 ..al (15-C) (e) 

1.05z10-' (c) 

Jlo data 

Jlo data 

"0 dat.a 

Koppers022352 



.' 

...... 

..:.1 

.•.. 

, 
6eD~ltlG.~lDD ~.ra: 

IIlClSB arIeS . 
EPA B ••• rdoua Waata 

: OI!HITADS ., 

DOT/IIII/llA/nt:o ahlppin, 

I!SDI 

IICI . 

nee· 

:olor 

~y.lc.1 at.at.. 

.. 1 t.ina poi .. t. 

dor 

".~.r 
A.ir 

-~1.ublUt.y:" 

'IIat..r 

O1:,an1c aolvaftta 

""~l ... lUon ~ra&.ur. 

fluhpolnt. 

Fl .... billt.y 11~ta 

1.~.5.I-Dlben.(a.b)anthracane (d) 
~(a.lI)anu.racan •• DI(a.II)A: 

. • DaA: 1.1:'.'-dlbeDa( •• b)aD~.c~.; 
. l,I:5,I-d1beaa(a)aDLbzacaDa (b) 

... data 

~14 Cbl 

.L GI .16'J 

53;.'0-3 CIo) 

BII ~6Z5000 h) 

U063 

110 d.t.a· 

110 dat.a 

sou 
110 d.~a 

liD dat.a 

D1baua(a.lI)anthr~ee .. e 

:&7 •• 35 (II) 

Colad.aa tt) 
'Lataa Cr.cryst.alll •• d froo 

••• LGD.) 1.af1et.. (r.crya
Lalllaad tram ac.tlc acld) (b)' 

Solid (p1at..a or 1.afl.ta) (bl 

:&U'C (h) 

2It-:&;O'C 

1.:&1% 

110 dat.. 

110 data 
110 dat.a 

0.5 NIL (t) 

SUpt.ly aoluble ln athy1 
.lcohol; aolubla in ac.tone. 
.o.~lc aCid. ~.aaeD •• toluene 
and .,.1 .... (bl 

7.3ala·1 (e) 

110 data 

110 data 

110 da~a 

110 dat.. 

1.~-(1.'-laphLby1 ... a)ben •• ne; 
1.~-ban.ac.napbthen.: 1.~-
(1 •• -a.pb&ba1 ..... 1y1)ban ..... : 
a.-(,sk)nu-.n. 

10 da~a 

L ClSU U lJ 

Z06-44-0 

11.4025000 

U110 

1%0013' 

... d.t.. 

.. dat.a 

110 data 

Fl .... ranth .... 

202.26 

Colorad .... 011 •• : pal. y.11ow 
... atIl.a or plat.aa tr_ 
alcohol 

Solid ( .. aadl •• or plat.a) 

1U'C 

375'C 

1.ZSZ at. O'CI4'C 

110 data 

.. data 
110 data 

Alcobol, .&.be.:, lteaaena.· 
.. aUo acld 

.; 

.. ,~ x.-' 4.'04 Eao • 3 .... 10\ 
Xa. ~-'.'ta1D • x.c • 3.lslO Ce)' 

... ,.: 

0.01 -sa C~~C)' " •. 
5.0al0·o torr CZ5'C) Ce) 

'.5z10·~ (c) 

.. dat.a 

... data 

110 daLe 

.. data 

F1 .... r .... 

ortho·llph.nylan. _than.; Co •. 

pheny1 ...... than.: .~.~ ... tb
,.1 .... biph.nyl (b) 
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EXPLANATION 

FILL 

FLUVIAL DEPOSITS 

Entrenchment of the present Willamette 
RIver down through lluvlolacustrlne 
deposits. Meandering river deposits 
IIuviaI deposits In Dood plain. 

u:] . 'FLUVIOLACUSTRINE :'pJ~ DEPOSITS . 

Erosion of Troutdale Fonnation and 
Columbia River basalt from lake 
Bonneville and lake Missoula Floods 
(O.012~.017 m.y. ago). Deposition of 
Duvlolacustrlne deposits. 

CascaDia upnlt and crustal warping 
(-2 m.y. ago) resulting In the Tualatin 
Mountain Anticline and possible normal 
faulL 

fluvial deposillon of sand and gravel 
deposits (6·12 m.y. ago) from ancestral 
river systems. 

[~~ 1 COLUMBiA RIVER BASALT 

Multiple volcanic fissure eruptions 
(12·16 m.y. ago) produced flows 01 the 
Columbia River.Basalt Group. 

Horizontal Scale: No Scale 

GENERALIZED GEOLOGIC HISTORY 
~~GERAGHTY Doane Lake Area 

AJr& MILLER. INC. Portland, Oregon 
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Northwest Natural Gas Company Office CoIlespondence 
Dated December 8, 1994 
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JAN 19 ''35 05: 10Pt'1 1'W-1GH3 EiiGiliEERlrib 

TD.' Memo to GIICo File 

FI'OIN S.K. Hart 

NOllTllWDT NATURAL GAS CO:MPANY 
ames CORReSPONDEN'CB 

&ijM:t: CIty ofPortlucl- Water PoBey - Wita' Soarca 

Re: TeJepboDe ConversatiOil with JetJGoJdea, AIIiItInt to Camminicmer Mike Lindber& 
concemiDs the city of Portland P~ a,r &turD water tupply IOUtCeI 

I asked Mr. Golden what the city afPordaDd 1$ pJannins lor tbture water supplies. 

Mr. Golden Jtated 1hu the city is in phase two of their adicI. Phase ODe listed poteDtial water 
mpply IOUI'CeI. Phale two hal limited their pieCemd optiona to: 

• Third Bun Run Reservoir 
• River Water 
• Aqui&t Storase and Rec:ow!y 

New groundwater wells are not being ~nsidered. 

S.K. Hart 

.11.5'" 

Koppers022371 
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HAHN" ASSOCIATES, INC,_) 
434 NW Sixth Avenue SOIL BORING NUMBER 
Portland, Oregon 

(503) 796-0717 HAl LOGGER: DRILL DRILL 

PROJECT: SAMPLING METHOD: START FINISH 

DRILLING METHOD: Time: Time: 

EQllPMENT TYPE 

DRILLER: Date: Date: 
PROJECT#: DRILLING CONTRACTOR: 

Eo- rn 'Z c:: BORING DIAMETER: 
Z ~ 

~e 
.-.. r:rJ Q) ~ 
.. 

~~ ~~ 0 r! Q) 

~ <,..... CASING DIAMETER: 
...:J~ ~ ~.-.. rnB: ~d ~~ 

~ 
~ ~~ z-

~~ ::a rn e 
~ 

SURFACE ELEVATION: OES :iJE: 
~ ....... 

Or:rJ - ~::r: rnlil 0 ....... 

~ 
Eo- ~ 0 Fi;8 TOP OF CASING ELEVATION: ~O rnz 

~ j~ c ~ ~ 

~ e ~ 
0 SOIL DESCRIPl'ION 

1 

2 

3 

4 

. I 5 

6 

7 , 

8 

9 

l( 

11 

12 
I 
I 13 
I 
I 14 

Hi 

I I 
16 

I 17 
I 

I 18 

I 19 

I 20 

Updated: 1115195 REB Page 10f2 File: Boring Log Template1 
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HAHN &: ASSOCIATES, INC.) 
434 NW Sixth Avenue SOIL BORING NUMBER 
Portland,Oregon 

(503) 796-0717 HAILOGGER: DRILL DRILL 

PROJECT: SAMPLING METHOD: START FINISH 

DRILLING METHOD: Time: Time: 

EQUIPMENT TYPE 

DRILLER: Date: Date: 
PROJECT#: DRILLING CONTRACTOR: 

E- en ...... =: BORING DIAMETER: 
Z r.::l ~ ...... 

.... 
~ 

Z' rzl CII 

~~ r.::l~ C) <! CII ~ < ...... CASING DIAMETER: < ...... :;JS <! ..Jr.::l 

~ Il. e eng; tci ~ ...... '-' ~ ~~ z- Il.Il:I 

~ 
SURFACE ELEVATION: oES 

~~ 
OOc. 

~= O~ Q 
Crzl E- :i!.s- en"'iil C) Z 

~e TOP OF CASING ELEVATION: ~Q fIl ~~ ~ ~ r.::l ~ I%l e CI 
-< ..J 0 SOn. DESCRIPTION 

21 

22 

23 

24 

I 25 

26 

27 , 

28 

I 29 

30 -
I I 31 

32 

33 

34 

35 

I 36 

37 
I i 38 

I 39 
i I 
I I 40 

Updated: 1115195 REB Page2of2 File: Boring Log Templatel 
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KEY TO BORING LOGS 

UNIFIED SOIL CLASSIFICATION SYSTEM (uSCS) 

COURSE 
GRAINED 

SOILS 

More Than 
Halfis 

Larger Than 
#200 Sieve 

MAJOR DIVISIONS 

GRAVELS 

More Than Half the 
Course Fraction is 

Larger Than 
No. 4 Sieve Size 

SANDS 

More Than Half the 

Clean Gravels 
With Little or 

No Fines 

Gravels With Over 
12% Fines 

Clean Sands 
With Little or 

No Fines 

GROUP SYMBOLS TYPICAL NAMES 

GW Graded Gravels, Gravel-Sand Mixtures 

GP Graded Gravels, Gravel-Sand Mixtures 

GM Gravels, Poorly Graded Gravel-Sand-Silt Mixtures 

GC Gravels, Poorly Graded Gravel-Sand-Clay Mixtures 

SW 

SP 
Course Fraction is 1--------1---

Smaller Than 
No.4 Sieve Size Sands With 

Over 12<,"1, Fines 

FINE 
GRAINED 

SOILS 

More Than 
HalCis 

Smaller Than 
#200 Sieve 

SILTS AND CLAYS 

Liquid Limit Less Than 50% 

Sll.TS AND CLAYS 

Liquid Limit Greater Than 50% 

HIGHLY ORGANIC SOILS 

LEGEND FOR BOBING LOGS 

Updated: 1115195 
File: Boring Log Key 

SM 

SC 

ML 

CL 

OL 

MH 

CB 

OB 

Pt 

Sands, Poorly Graded Sand-Silt Mixtures 

Sands, Poorly Graded Sand-Clay Mixtures 

Inorganic Silts and Very Fine Sands, Rock Flour. Silty or 
Clayey Fine Sands, or Clayey Silts with Slight Plasticity 

Inorganic Clays of Low to Medium Plasticity, Gravelly Clays, 
Sandy Clays, Silty Clays, Lean Clays 

Micaceous or Diatomacious Fine Sandy or 
Elastic Silts 

.'lDDn>10mC Clays of High Plasticity, Fat Clays 

Clays of Medium to High Plasticity, Organic Silts 

and Other Highly Organic Soils 

ABBREVIATIONS 

NA Not Applicable 

NO Not Detected Above Detection Limit 

NS Not Sampled 

PCBs Polychlorinated Biphenyls 

ppm Parts Per Million 

SPI' 

.sz... 
1 

Standard Penetration Test 

Measured Static Water Level in Well 

Estimated Water Level During Drilling 

HAHN AND ASSOCIATES. INC. 
Project *2708 

Koppers022375 



z 
~ 0 

...:It~ * 0 ~Il:: 
...:I~ ~ ~--..;l;:J- ~~ ~ rn e Czl~ES ~~ ~]: ~rnCzl E-o 

ZO rnZ ~ 
0 ::t: 
C,) 

Updared:Vl~95RE~F 
File: 2708 Boring Log Exmpl 

!l~ _ e 
::I c:I. 
'" c:I. <1/-

Il:: '" ,.Q~ 
ClIO 
...:I~ 

z 
<1/ 

cl!! 

~~ 
~ 
0 e 

MONITORING WELL NUMBER MW·l 

~ 
~~ 
o~ 
C,) 
~ 
Il:: 

Ground surface 

Dry paint residue and container debris at surface. 3-inches 
of loose sand fill below paint. 

Silty Sandy GRAVEL with Clay - reddish-brown, dry, very 
dense, well graded, non-cemented, rounded pebbles and 
cobbles, matrix is stitT and slightly plastic. 

No recovery, rock in sampler. 

Silty Sandy GRAVEL with Clay - as above, brown, 
moist 

Silty Sandy GRAVEL with Clay - as above. 

Silty Sandy GRAVEL - as above, wet, matrix is loose and 
non-plastic 

No recovery 

Page 10f2 
HAHN AND ASSOCIATES, INC. 
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HA.HN & ASSOCIATES. INC. 
\ 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

IPROJECT: 

IPROJECT: 

Z 
ril 0 

* !l~ 

..:I§~ rill%: 
Co) _ e 

...Jril ril <~ =' a. 
..:1::>- p..!:Q ::s p.. e III a. 
r.:lc::e: 00 a. Q) ~ 

~~ c:: III 

::=b;r.::I e::: ~E- .o!:Q zQ OOz ril j~ 
0 :x: 
0 

' .. :. MI-08 730 10 ND 
: ( .. -

m IJ 

Ii 
MI-09 740 24 lID 

~ F F= 
~ \;~,;~: 

:~: \ M1-10 748 18.9 NO 

I 

Updated: 1115195 REBlHPF . 
File: 2708 Boring Log Exmpl 

MONITORING WELL NUMBER MW·l 
OWRD.70144 

IHAI T.~~ Roger Brown DRILL DRILL 

I~AMPT.ThfG M.r.lnvu: 3-in~ OD Split Spoon START FINISH 

InRTT.T~G M.r.'lnvu: 6 lI4..;n,.'h ID Hollow Stem Auger ITime: Time: 

IEQU!!'~.~.,.' TYPE Mobile Model B-59 555 918 

InRTT.T .RR· Bob T"-L ._ 'Date: Date: 
InRTT.T.TNr! CONTRACTOR: _ Geo-Tech 3-Aug-94 3-A\lB-94 

l~ 
~ 

~ ~ 

~ Q) ~ 

t! Q) 

~~ ~ 

II ~~ O~ :x: 
Co) s: ~ 

Q ril ril e I%: Q 

5012" 75 
16 

17 

20 100 18 
50/5" 50 

19 

20 

50/6' 100 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

I 34 

35 

~oo 
~~ 
e--::> 
oo~ 

DIAMETER: 100inch 

I{"A~TNG DIAME'rER: 2-inchID 

ISURFAC~ ELEVATlUN: 1256.8 Feet MSL 

ITOP OF CASING ELEVATION' 1259.41 Feet MSL 

SOIL DESCRIPl'ION 

Silty Sandy GRAVEL - as above 

c 

Silty Sandy GRAVEL· as above 

BOrinf. terminated at. 20.0 feet. bgs 
Samp ed to 20.5 feet. 
Monitoring Well installed to 20.0 feet bgs 

Materials: 
15 feet. 2·inch diameter, O.010-inch PVC slotted screen 
10 feet 2-inch diameter PVC blank casing 
10 50# bags 20/40 sand 
2 50# bags bentonite chips 
lend cap 
11oc:ki.ng cap 
a:r;ade steel monument 
3 posts 

Well depth is 22.4 feet below top of casing 

• Sample Prefix Number is 2626-940803-

Page 20f2 
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Example Chain-of-Custody Form 

HAHN AND ASSOCIATES,INC. 
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HAHN AND ASSOCIATES, INC. 
Environmental Management 

434 NW Sixth Avenue, Suite 203 • Portland OR 97209 

(503) 796-0717 • Fax (503) 227-2209 

Project Manager Ro!!erBrown 

Project No. 2708 

Project Name NWNO Gaseo Site 

Collected by 

Comments 

NOTE: 

Sample Number Prefix: 2708-950322·" 

LablD Sample. Date Time Sample Deacrlptlon 

IKelinqulshed by Icompany 

IRelinquiahed by I Company 

Laboratory National Environmental Testing, Inc. CHAIN OF CUSTODY 
17400 SW U. Boones Ferry Rd., Portland OR 

Lab Project No. Chain of Custody No. 2708·001 

-
Liquid with Sediment Sample Samples Received at 4C (Y or N) 

Teal Fill ... .., Teol Sedimenl TellBolh Appropriste Contelners Used (Y or N) --- --- ---
Multl·Phase Sample Provide Verbal Results (Y or Nl No 

Teal One (which) Te.1 Sepa .. ..,ly Shake Provide Preliminary Fax Results Yea --- --- ---
Matri:l: Analyses to be Performed 
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Example Project Field Notes Form 

HAHN AND ASSOCIATES. INC. 
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HAHN AND ASSOCIAT.3S, INC. 
PROJECT FIELD NOTES 

WORKFORCE 
HAl 
Subcontractor 
Subcontractor 

HAl EQUIPMENT 
Air Pump (Sensidyne) 1 Gas MeterCGasTech) 
Bailer (SS or Teflon)· I Hand Auger 
CondipHrremp Meter I Interface Probe 
Data Logger (Hermit) ! Magnetometer 

HAl SUPPLIES 
Bailer (disposable) ! Drum Liners 

EQUIPMENT 
1 RentaWendor 
I RentaWendor 

1 

I Measuring Wheel 
I OVA (MicroTipIPID) 
I Power Tool 
I Pressure Transducer 

Profile Shipping Kit 

Page 1 of 

Date: 
Project: 

Project Manager: 

SITE 
1 Conditions 
I Temperature 

1 

1 Pump, Peristaltic IWater Level Meter 
I Pump, Submersible ! Zone Sampler 
1 Purge Pump I 
IWtr Filtration Unit 1 

I Sorbent Boom I 
Bentonite (bags) 1 Gloves, disposable (pr.) Resp. Cartridges {pr.> I Sorbent Pads 
Booties (pr.) IGloves, Edmont (pr.) Sample Tubes I Stakes 
Chior D Tect Kit I Gloves, Solvex (pr.) Sensidyne Tubes I Tyvek, coated 
Concrete (bags) I Labels 1 Siphon Pump 1 Tyvek, uncoated I 
Distilled Water (gal) 1 Locks lSorbent (bags) I Water Filters 

ACTIVITIES 
Leave Office: IArrive Site: I Leave Site: IArrive Office: 
Respirator UseJ Hours: Minutes: 1 Odometer Out: . 1 Odometer In: I Total Mileage: 

Time I Task Description 

. "-r-' ---------,--- - .. -----.. ----.......... -------------- - --.---- -------_._-.----.--- - -_ .. -- . 

---.. _----, .. - ... - .. __ .. ----_._ ... ---------_ .... - _._-----_. 

Signed ______________________________ _ 

Koppers022381 



· HAHN AND ASSOCIA,?=S, INC. Page _ of_ 

PROJECT FIELD NOTES Date: -----Project: 
Project Manager: -'-----

CONTINUATION SHEET 
Time Task Description 

15m) 
Signed _______ _ 

Koppers022382 



-7304 - !ECHNi~~~ ~~ORT. . .PORTLAND tt 
. RemedIal InveshgatIOn & FeaSIbIlIty Study, L. 

;';-1996 _ " . .-.. . (! 
"':?'"=I~'gtijj§;[1IIiII • ;*.3~? . . ····:-::·'l~ ~ g~C-~=L:t=.J!, ,. 

:'.:< 
/ 

{-. ~ - _. - .---'-'"""'---'-_. ---~----~~-.:.:.; 

\ , 

('I) 
0Cl 
('I) 
N 
N o 
tJ) 
'-
Q) 
0-
0-

~ 



:? (c .. w., ..• q.C" ... '",,''''' , ... " ....... ....... ··• .. · .. C·.-· .... ,..··"·" .. ",··" .... ,.·· .. r .... ...... ", 

~ f 7304 - TECHNICAL REPORT PORTLAND ; . ...... . ._ ... ..... J ODEQ request for Kil's input land and water use associated with Kil's 
'"-=-.. ·_··~"=~=.·U .. ==·~·. ".·=·,..'-'=·""·.·,·,=""'-·-"==e-"'u~..<.w-"'=""".~.·=·"'." .... ".=...·.=".",~ .• =·~~e=~,.· .. ~~~'-'<=L~= property re: neighbor Rhone.Polien CO wI ODEQ to conduct RIIFS 

'\ 
\ 

~~--------------------------

'\ 
\. 

""" CX) 
C'0 
N 
N o 
~ 
Q) 
Cl.. 
Cl.. 

~ 



\ -.... 

KOPPERS 
INDUSTRIES 

12:38 KOPPERS PORTLAND 1211211 

FAX TRANSMITTAL 

Koppers Industries. Inc. 
7540 N.W. St. Hglons Road 

Portland. OR 97210-3883 

Telephone: &03-286-3681 
/~/~/ Fall: 603-285-283' 

DAlE: 'tL~ 

TOTAL # OF PAGES; 7 

IF THIS TRANSMlTIAL IS IN ERROR, PLEASE CALL 503-286-3681 FAX # 503-285-2831 
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11/22/96 

RESE.'VeD 
NOV •• '.YI 

KOPPERS 'NDS" INC. 
PORTLAND, OFt 

Property Manager 
Koppers Industries, Inc. 
7540 NW St. Helens Road 
Portland, Oregon 97210 

Dear Sir: 

12:38 KOPPERS PORTLRND 

November 20. 1996 

002 

oregon 
))EPARTMENT OF 

ENVIRONMUN l'AL 

QUALITY 

NOR'l'I-lWBST REGION 

RE: Remedial Investigation and Feasibility Study 
6200 NW St. Helens Road, Portland, OR 
Request for Information on: 

. (J) Current and Reasonably Likely Future Land Use 
(2) Current llnd Reasonubly Likely Future Beneficial 

Use of Surface Wa.ter and Groundwater 

The Department of Environmental Quality (DEQ) is overseeing investigation and cleanup of 
Rhone-Poulenc J\g Company'/) former pesticide manufilcturing plant site located at 6200 NW St. 
Helens Road, in northwest Portland. Rhone·Poulenc is conducting a Remedial Investigation and 
Feltsibility Study (RlIFS) of the site and affected surrounding areas under a Consent Order with 
DEQ. 

As part of the RI/FS. Rhone-Poulenc must evaluate chemicals that have come from their site, 
wherever they may be present in soil and water. Rhone-Poulenc must assess any risk of exposure 
those chemcia1s may pose to humans and the environment. As part of their risk evaluation, 
Rhone-Poulcnc must compile information on the current and reasonably likely future land uses 
and current and reasonably likely future uses of surfllce water and groundwater in the locality of 
the site. ThiS information will be used to determine what level of remediation will be required. 

When Rhone-Poulenc has completed their RIIFS, now expected for September of 1998, DEQ will 
select Ii cleanup remedy and will initiate a public comment process. A map of the general area is 
attached, along with a copy orthe most recent Environmental Cleanup project Bulletin describing 
the Rhone-Poulcmc site, hazardous substances that have been released to the environment, and the 
current status of the RIfFS work. )I'hn A. Kilzhalm 

As Ii property owner in the neighborhood of the Rhone-Poulenc site, DEQ would 
likt: your input on land and water use associated with your property. Your 
property may be located upgradient of the site with respect to surface water and 
groundwater flow. DEQ is seeking the following information: 

1. historic land, surface water and groundwater uses, 

GDv~rJ'nl' 

2020 SW Fourth Avenue 
Suite 400 
Portland, OR 97201-4987 
(503) 229·5263 Voice 
TTY (503) 229-5471 
DEQ-l 

Koppers022386 
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November 20. 1996 
Page 2 

12:39 KOPPERS PORTLRND 

2. current land uses and beneficial uses ofsurfllce water and groundwater, and 

12103 

3. reasonably likely future land uses and beneficial uses of surfllce water and groundwater. 

To make your reply easier, DEQ has prepared the enclosed response postcard and would 
appreciate if you would complete the postcard and return it by December II, 1996. DEQ will 
consider your comments, atong with those of agencies and other neighborhood property owners, 
to ensure that the cleanup remedy to be proposed by Rhone-Poulenc will be protective. 

Please call me at (503)229-5071 if you have any questions or need additional information. 

Sincerely, 

Mavis D. Kent 
DEQ Project Manager 

Attachments: Area Map, Cleanup Bulletin, land/water use response form 

Koppers022387 
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12:39 KOPPERS PORTLAND 
004 

.:':-' 

Property: _ ._. o!J~?o~.J_."".L S.~~)~~!~~~ oL~t .. !.I) (AREAs)"' : 
" . - . ',' ",-' .. , .... -

Your Telephone Numbe~ for Contact by DEQ: . 
:, . 

.. Check all ofrhfl boxp below that IIJ'ply to IOUI' properly ond 
retiir"lijl mall to DEl} . .. . ..0 

Historic Current Planned Land AetivltylUse 
Residential.:. 

' . . . CorTtrncrcial . 
x ··x .Indu&triaL .. 0 0" o. ' •• 

Agricultural 
Recreational 
Other.(describr;ll" . 

WaterUseB 
x X X Drinking Water 

~~~~~ __ ~~~ __ ~~ __ ~I_rn~i~_a_ti_o~ ___ n_d~sc_a~~e~_~ 'L _ 
x.. .x. 0 X Industrial PRQcess ,~~ J 

Recreational ~ c:fLH.Inf~ 
Aesthetic (decorative) 
Wildlife 0 o· ..••• 

Other (describe) 

Water Sources{'l 
x x Municipal Supply 

Small Sup~1ier.«~.l-
On-sito well .*T 

Surfac~ water 
,,:,:" .. ' 

~ddjtional Comments?· ., 
, ~' ',I-. 

~ ",' " : 

P()f more infonnation contact Mavis D. Kent (503)229-5071 0" 

DBO. NWR. 2020 SW 4th Ave .• Ste. 400, Portland OR. 91201 
" '. . ~ . ~. 

",' . 
. ,:. ":::, c','::.- :r.:,: .. " ,'N 

....... . ...... ,', 

Koppers022388 
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QUAI)II""'ClLE LO~TION 

12:40 KOPPERS PORTLAND 005 

B ••• map from U.S.G-S. topographic 
7.S· quadrangles, Portland. OR .• 1977 
& Llnnton, OR., 198 ... 

Contour Int"fyal 10 ft. 
Dlltum I. me.n lIeB Ivvel. 
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REYlS. __ 

PROoleCTNO. 
0240005.16 

Port 
Portland ~ 

lielllO 

1 

o 2000 
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Scale In Fest 

Figure ,., 
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I 

RHONE POULENC AG COMPANY 
QUARTERLY PROGRESS REPORT· NO.2 

SITE LOCATION MAP 
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CleAoup 
'Project 

~"o"e-tJo,Jl~"c c2\u CODJPA." 

'P~oJC!ec OVC!l"Vi8W 

Rhone-Poulenc Ag Company (RPAC) oWnS the 
property at 6200 St. Helens Road where they 
operated an agrochemical facility from the mid-
1940s until manufacturing ceased In the fall of 
1990. Curing operation, the plant manufactured 
and packaged a variety of herbicides and 
Insecticides, most recently producing only 
bromoxynll octanoate. Past product and waste 
spills and disposal of wastes have resulted In 
contamination of surface water, groundwater and 
soli. Releases at the site have been primarily 
through leaks and spills of liquid waste and product 
Into storm drainages discharging into West and 
East Doane Lake, and historic releases of treated 
waste water ·Into west Doane lake and the 
Willamette River. 

An EPA FreId Investigation Team sampled the aite 
in 1982 and Identified 37 priority pollutants and 
over 100 non-priority pollutants. The main 
contaminants are 2,4-D and other pesticides. 
dichlorobenzene and Isomers, chlorinated phenols, 
chlorinated cresols, other phenolic compounds, 
benzene, tolu&ne, ethyl benzene, TCE. methylene 
ehloride, dloxln/furans and metals. RPAC began 
Investigation of the site in 1980, and Installed a 
shallow groundwater recovery and treatment 
system in 1984. 

In summer 1992, most of the plant structures and 
storage facilities were demolished. What remains 
are the administrative building, two small storage 
buildings, one of which houses drummed soil 
cuttings waste, and tanks, piping and machinery 
related to their stcrmwater . and groundwater· 
treatment facility. Drummed 6011 waste is regulated 
under ReRA rules described in Consent Order 
Addendum 1. Waste water treatment and 
discharge is regulated under an existing NPDES 
Permit. 

KOPPERS PORTLRND 1211216 

Bull e t tn' 

The site Is adjacent to the NUGouid Superfund 
site, and battery oases related to the Gould site are 
buried in portions of the northern third of RPACs 
property. NUGolJld site cleanup has occurred in 
RPACs lake Area from late 1993 through late 
1994 with excavation of some of the battery easing 
waste. An NUGouid ROD amendment, recently 
out for public comment, would require no further 
excavation of battery casings, and placement of 
clean fill in the existing excavation and a cap 
across the Lake Area. A draft ROO for the 
NUGouid site is expected to be out for public 
comment during the third quarter. 

DEQ approved a workplan to complete the RIIFS In 
October, 1994. RI work, ongoing since the late 
1960's,. resumed In November, 1994. Additional 
groundwater monitoring wells were Installed by late 
1995. Groundwater sampling was conducted In fall 
of 1995 and again in Spring of 1996. A second 
Addendum to the existing Consent Order, effective 
on February 1, 1995, revised the overall ~IIFS 

Koppers022390 



11/22/96 12:42 

schedule. A third Addendum to the Consent Order, 
eHeetlva On September 6, 19ge, expanded the 
GCope of .RI, Risk Assessment (RA) and FS work to 
include invesllgathm of East Doane Lake organi~ 
contamination, and revised the due dates for the 
draft and final RIlEA and FS reports, and added 
neeeslSary RI, EA and FS tasks. 

RPAC submItted sampling plans (SAPS) for East 
Doane Laka sediment and groundwater. These 
SAPS were approved by DEQ in September, 1996. 
RPAC submitted a draft East Doane Lake Interim 
Remedial Measure work plan in October, 1996, 
including the approved sediment and groundwater 
SAPS. OEQ review comments on the work plan 
are pending. Field work for East Doane Lake 
sediment and groundwater sampling is expected to 
begin before the end of 1996, as soon 8S property 
access Is sec;ured. 

&viroomeDtAI Concern. 
The risk of exposure to site c:hemlcals for both 
human and ecological receptors Is beIng addressed 
by RPAC. A determination of current and 
reasonably likely future land use and currfJnt and 
reasonably likely future beneflc:lal use of ~urface 
and groundwater onsite and offslte will be made to 
identify and confirm appropriate human health and 
ecological risk exposure scenarios. This 
detennlnatlon will be based on land and water use 
information that has been submitted by RPAC and 
will ~ c;ollected by OEQ. 

Site contaminants have been detected In surface 
water, Inc:ludlng North, West, and East Doane 
Lakes (remnants of an older and larger Doane 
Lake). and In groundwater seepage into the 
Willamette River some 2000 feet to the east of ·the 
site. Site contaminants have also been detected In 
groundwater beneath the site and on downgradlent 
properties. 

Other potential pathways for e~posure include 
contaminated surface and shallow soli In the 
Herbicide and Insecticide A~as and some areas of 
shallow soli in the Lake Area. Air dischar99s from 
the existing onsite waste water treatment system, 
currently treating both storm discharge and 
extracted contaminated groundwater, will be 
assessed during remedial alternative development 
and evaruatlon. 

Non-aqueous phase liquids are present in soli at 
!lind be/ow the water table beneath the plant area of 

KOPPERS PORTLRND 007 

the site, the existing waste water treatment plant, In 
western portions of the Lake Area and the 
nonhwesternmost corner of the NUGould property_ 
Groundwater beneath the main plant area and 
portIons of the Lake Area may provide a pathway 
for contamination to reach nearby surface water 
bodies. 

Koppers022391 
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~/24/97 18:08 FAX 412 826 3999 KOPPERS INDUST ~~~ OHPS K 1800 ~001l007 

I(OPPERS 
INDUSTRIES 

Koppers Industries. Inc. 
1 005 William Pitt Way 
PittsbLirgh. PA 15238 

April 24, 1997 

Northwest Naturat Gas Company 
220 N.W. Second Avenue 

. Portland, Oregon 97209 

Fax transmission to: 503/273-4815, 7 pages. 

Attention: Ms. Sandra Hart, Manager Environmental and Engineering 

Reference: Koppers, Portland Terminal - Soils Investigation. 

Dear Ms. Hart: 

Telephone: (412) 826-3970 
FAX: (412) 826-3999 

Please find attached the Geo Engineers' summary and boring logs of the test borings that we 
discussed yesterday. I spoke with Jack Tuttle today and he indicated that he thought most of 
the contamination that they found had a petroleum odor. The depths and qualitative degree 
of contamination are indicated on the log sheets. Geo Engineers is holding refrigerated 
samples of the contamination for subsequent analysis, if desired. 

Amos Kamerer and I would like to discuss these findings and the impact on our tank. 
construction project with you while I am in Portland next Wednesday and thursday. I will 
call you tomorrow to set up a meeting time. 

Sincerely, 

/~~r/aIr;7f .:.::----.. / I .{, 
,/ . : .. 

Aames T. DIetz, P .E. ,..-
Manager of Engineering 

cc: Amos Kamerer -
Bill Swearingen -

Koppers Industries, Portland Tenninal, by fax. 
Koppers Industries, Pittsburgh, by fax:. 

Koppers022394 
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04/22/97 TUE 13:09 FAX 503 '5940 

KOPPERS INDUST ~4~ OHPS K 1800 
GEO ENGINEERS 

~ 002/007 
~002"'li-_ 

.. .:; 

Geo Engineers 
l\'IEMORANDUM 

TO: Jim Dietz, Koppers Industries 

nOM: 

DATE: 

FILE: 

Jack Tuttle 

April 22, 1997 

5823-001-43 

SUBJECT: Summary of Contamination in Test Borings 

Jim. 
The boring logs have not yet been drafted to final form for the report so 1 am summarizing the 

information with respect to contamination by memo. We will fax copies of the logs no later than 

tomorrow. 

Two borings were drilled in the area of the two tanks to be constructed initially. The surface is 
paved at both boring locations. Beneath the pavement and base course layer, we encountered sand to 

a depth of 20 to 21 feet. Contamination in this stratum was observed to increase with depth. In the 

lower portion of the sand layer. free product was noted on the sampler and the concentration of vapors 
from the borehole increased to the level-where it was necessary for the drill crew aild our field 
representative to upgrade personal protection to Level C which included the use of fun face respIrators 
with organic vapor cartridges in order to complete the drilling safely. The contamination was noted to 

extend several feet into the silt layer which was encountered from a depth of 20 to 21 feet down to 

nearly 40 feet. The contaminant noted in the soil and on the sampling and drilling equipment was 

described as a coal·tar like substance. We have not submitted any samples to chemical analyses to 

define the nature or concentration of contamination in accordance with your instructions. Wehave 

maintained samples for such testing. if desired. 

The cone probes were located in the future tank area neat" the location of one of the borings 

(Boring 23) drilled for environmental studies for NW Natural Gas by Hahn and Associates. The 

probe equipment was noted to be contaminated and had to be cleaned after each probe was completed. 

No obseIVations of the level of vapors or other evidence of contamination are possible with the probe 

explorations . 

Overall. the level of contamination observed in the borings appears to be comparable to that 

reported in Boring 23. Borings 24 and 25, also drilled by Hahn, were reported to have lower levels 

of contamination based on vapor concentrations measured in the borings. 

It should be expected that any excavations for tank foundations will encounter contaminated soils 

which will require special handling and disposaL Also. the contractor will be responsible for 

preparing a health and safety plan and implementing proper personnel protection measures and work 

Koppers022395 
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KOPPERS INDUST ~~~ OHPS K 1800 
GEO ENGINEERS 

MEMORANDUM to: Jim Dietz, Koppers Industries 
April 22, 1997 
Pagel 

~003/007 
I{lJ003 

procedures based on characterization of the soils within the depths of excavation planned. It will be 
advantageous to minimize the extent of any excavation as much as practical. 

The data available from the Hahn report and the observations from our borings is considered 
sufficient for development of the construction health and safety plan and should be provided to your 

contractor for his use. During excavation, sampling and chemical testing of the excavated soils will 

be necessary to characterize the materials for selection of an appropriate disposal site. 

-----cO,. 

If you have any questions about our observations and these conclusions, please call me at 

503/6687. 

Koppers022396 
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TEST DATA 

Moisture Dry 
Content Density Blow Group 

0 
Lab Telll (~) (pet) Count Samples _syiiiiiol - .AL 

I>ODO 
c

GP 
'!;~r:-: SM 

8 

~ .. ,,~ 
~~.: SP 

5- 9 I ...... 
., .... 

~ ...... S ...... 
10-

6 j ...... ...... 

....... .. 

....... ... " . ...... ........ .. ....... ..... 
15-

6 

~ 
...... ...... 
.. . ,. .. 

Iii ...... ...... 
UJ ...... 
II.. ..... ..... 
~ ...... ...... 
k 

...... ....... ..... ...... 
w 20-

p .... ~ 

0 2 I 
...... ...... , .... 
',;.;" ML 

25- 6 

~ 
p I 

30- i-"f-' ML 
5 I 

35-
4 

~ 
. 

.~ ~ ~~M 40-

Note: See Figure A·2 for explanation of symbols 

KOPPERS INDUST 
GEO ENGINEERS 

->->--. OHPS K 1800 I4J 004/007 
19JOOZ 

BORING G-1 

DESCRIPTION 

SUrface Elevation tft.); 

3 to 4 iIlI:hCI aspnalt concrete 0 

1 1I2-inch-minul gravel (dense. moist) (fill) 
Bla~k sihy fine sand with occasional gravel (loose, moist) 
(petroleum-like odor. field screening: moderate meen. TLV "" 

400 ppm) 

Gray-black fine sand with Irace slit (loose, moist) 

(petroleum-lilce odor) -5 

Grades to wet 
(field screening: heavy sheen, TLV = 250 ppm) 

Soil saturated with heavy petroleum-like material. -10 

(field screening: heavy sheen, TLV = 1,800 ppm) ~15 

• ••.• ;.t 
~20 

Dark gray sill with trace to no fine I>an~(sol\. moist) 
(pen-oleum-like odor) 

Grades to medium stiff and gray with brown mottling 1-26 
(no petroleum·like odor, field screening: slight sheen. TLV -

160 ppm) 

Brown with gray mottling slit with tn.ce fine sand (medium -30 
Stiff. moist) 

(field screening: no sbeen. TL V = 180 ppm) -35 

Brown silty fine sand (loose. wet) 
-40 

LOG OF BORING 

FrGURE A-3 

Koppers022397 
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1. PURPOSE 

PHASE I REMEDIAL INVESTIGATION 
SUMMARY REPORT 

AND 
PRELIMINARY ANALYSIS OF SOIL DATA 

Northwest Natural 
Gasco Facility 

7900 NW St. Helens Road 
Portland, Oregon 

October 9, 1998 

The purpose of this report is to provide a summary and analysis of existing data collected 
as part of Phase I Remedial Investigation (Rn activities at the Gasco site to assist in the 
understanding of the site, and to guide decisions regarding additional data acquisition. 

As the overall goals of RI activities are to characterize site conditions, provide for an 
evaluation of the risks to human health and the environment posed by the site, and to 
provide the basis for the identification and implementation of appropriate remedial actions 
based on those risks, the following investigatory objectives exist: 

• To confirm the contaminants of concern at the site 

• To determine the affected media at the site 

• To characterize the nature and extent of the contaminants of concern in the 
affected media at the site 

• To identify and characterize migration pathways for contaminants of concern 

• To assess the risks to human health and the environment posed by the presence of 
contaminants of concern in the affected media 

• To obtain information that can be utilized in a feasibility study to select 
appropriate remedial actions(s). 

2. SITE DESCRIPl'ION 

The Gasco site comprises approximately 47 acres in the North Doane Lake area of Portland 
and is bounded by St. Helens Road to the southwest, the Willamette River to the northeast, 
and industrial properties to the northwest and southeast (Figures 1 and 2). The ground 
surface at the site slopes gradually northeastward towards the Willamette River with 

Koppers022408 
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surface elevations ranging from approximately 38 feet above mean sea level (msl-City of 
Portland datum) at the southwestern portion of the property to approximately 23 to 30 feet 
msl at the top of the river bank. The river bank, composed primarily of rip rap, slopes 
steeply to an elevation of approximately 5 to 8 feet msl, below which exists the shoreline with 
a more gradual slope. Average monthly river stages, as measured at the Portland Harbor 
from 1973 to 1990 and converted to the City of Portland datum, range from a low of 
approximately 6.3 feet msl during August and September, to a high of 10.9 feet msl during 
May and June (cOE, 1991). 

I,;~ The Gasco site was the former location of the Portland Gas and Coke Company 
'f manufactured gas plant oil gasification facility from 1913 to 1956. Manufacturing 
'\ processes at the site have involved the generation of town gas and pressed lampblack 
): briquettes, aromatic generation and light oil recovery, tar recovery and refining, and the 

.~~. production of electrode grade coke and high Btu gas (Camp Dresser & McKee, Inc., 1987). 
Northwest Natural began construction of the liquefied natural gas (LNG) plant at the site 
in the late 1960's, at which time a majority of the old gasification plant facilities were 
demolished. 

'.1,-.1 

With regard to other uses ofthe property, Koppers operated a coal tar pitch manufacturing 
facility at the southern portion of the former gasification facility from 1966 to 1973. Koppers 
currently uses the facility as a terminal for the distribution of creosote oils. 

Pacific Northern Oil (PNO) has operated a fuel storage and distribution facility at the 
northern portion of the site from the 1960's to the present. 

The locations of former structures and features associated with the former manufactured 
gas plant, as well as current structures associated with the Northwest Natural, Koppers and 
PNO facilities, are shown on Figure 3. 

3. EXISTING DATA AND DOCUMENTS 

Northwest Natural and the Oregon Department of Environmental Quality (DEQ) entered 
into an Agreement for the completion of a Remedial InvestigationlFeasibility Study (DEQ 
Agreement No. ECVC-WMCVC-NWR-94-13) for the Gasco site in 1994. RI activities were 
subsequently implemented by Northwest Natural at the Gasco site in September 1995, with 
investigatory activities being implemented by Hahn and Associates, Inc. (HAl) as 
provided within the approved RI Work Plan (HAl, 1995). RI activities conducted at the site 
to date are briefly summarized below. 

3.1 Scope 

The scope of work for the Phase I RI activities performed by Northwest Natural from 
September 1995 to the present include the following tasks (see Figure 4, Sample Location 
Map): 

HAHN AND ASSOCIATES. INC. 
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• Installation of 54 soil borings and well borings (E, G, GT, and MW-series), with 
the collection and analysis of soil samples 

• Collection and analysis of groundwater samples from 7 temporary well point 
installations 

• Installation of 18 groundwater monitoring wells with 8 rounds of sampling from 
the wells 

• Twelve monthly groundwater level monitoring events and 7 subsequent 
quarterly events 

• Installation of 11 vibra cores in the Willamette River with the collection and 
analysis of sediment samples 

• Collection of 5 surface water and sediment samples from on-site ponds and a 
drainage ditch 

• Collection of air and dust samples 

• One 48-hour water level monitoring test 

• Monitoring well slug test data collection and analysis 

• Surface geophysical survey in area of former Tar Ponds with ground 
penetrating radar, magnetic, and electromagnetic methods 

3.2 Previous Document Submittals 

Results of Phase I RI activities at the Gasco site have been documented in numerous 
reports. The documents that provide the most comprehensive synthesis of available site 
data and data interpretation concerning RI investigatory results are as follows: 

• Hahn and Associates, Inc., Data Package for Remedial Investigation / 
Feasibility Study, Northwest Natural Gas Company, Gasco Facility, July 22, 
1996 

• Hahn and Associates, Inc., Geological and Hydrogeological Framework, 
Northwest Natural Gas Company, Gasco Facility, May 13, 1997 

• Hahn and Associates, Inc., Monitoring Well Abandonment and Installation 
Activities, Northwest Natural Gas Company, Gasco Facility, February 19, 1998 

HAHN AND ASSOCIATES. INC. 
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• Hahn and Associates, Inc., Fourth Quarter 1997 Progress Report for Remedial 
Investigation / Feasibility Study Activities, Northwest Natural Gas Company, 
Gasco Facility, February 23, 1998 

• Hahn and Associates, Inc., Second Quarter 1998 Progress Report for Remedial 
Investigation/ Feasibility Study Activities, Northwest Natural Gas Company, 
Gasco Facility, April 24, 1998 

In addition to the above reports documenting Phase I RI results, the following are the 
primary documents that have been prepared to date in support of Risk Assessment 
activities for the Gasco site: 

• Stoel Rives LLP, Current and Reasonably Anticipated Future Land and 
Beneficial Water Uses in the Locality of the Facility, Northwest Natural Gas 
Gasco Facility, April 1997 

• Decision Management Associates and Montgomery Watson, Data Summary 
and Exposure Pathway Analysis Technical Memorandum, Gasco Risk 
Assessment, May 15, 1997 

• Decision Management Associates and Montgomery Watson, Comparison 
Between McCormick and Baxter Site and Gasco Site Technical Memorandum, 
Gasca Risk Assessment, June 11, 1997 

• Decision Management Associates and Montgomery Watson, Exposure 
Assessment, Gasco Risk Assessment, July 2, 1997 

• Hahn and Associates, Inc., Locality of Facility, Northwest Natural Gas 
Company, Gasco Facility, August 1, 1997 (A Beneficial Use determination 
support document) 

• Decision Management Associates and Montgomery Watson, Toxicity 
Assessment, GascD Risk Assessment, December 16, 1997 

3.3 Summary of Available Data 

A general description of available RI data for the Gasco site, including identification of 
where this data may be found, is provided in the following Sections. 

3.3.1 Soil Data 

The majority of soil quality and lithologic data for the Site were collected from September 
1995 to January 1996 during which time soil borings B-1 through B-35, MW-1 through lVIW-
12, and M-ll were installed. More recently, soil quality data, geotechnical soil borings G-

HAHN AND ASSOCIATES, INC. 

Koppers022411 



Phase I Remedial Investigation Report 
Northwest Natural-Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Page 5 of 44 
Project No. 2708 
October 9, 1998 

1 and G-2 were installed by GeoEngineers, Inc. within the Koppers lease area in April 1997, 
geotechnical soil borings GT-l through GT-4 were installed by GeoEngineers, Inc. within 
the PNO tank farm area in November 1997, and well boring MW-13 was installed down
gradient of MW-S (PNO lease area) in December 1997. 

For reference herein, a figure depicting all soil boring locations, as well as a summary of 
available soil quality data collected at the site to date, are included within Appendix G, and 
soil boring logs depicting lithologic and contaminant conditions at each boring location 
are provided within Appendices A (soil borings) and B (monitoring well borings). 

3.3.2 Willamette River Sediment Data 

Fourteen sediment core samples (SD-1 through SD-14) were collected by Northwest Natural 
from the Willamette River adjacent to, and up-stream of, the Gasco site in January 1995. 
With regard to additional sediment quality investigatory activities conducted in the 
vicinity of the site, The U.S. Environmental Protection Agency (EPA) conducted a Site 
Inspection (Sl) of a six-mile reach of the Willamette River in September and October 1997, 
including the collection of sediment samples adjacent to the Gasco site (Weston, 1998). 
Also, several sediment studies involving the vicinity of the Gasco site have been 
undertaken by the U.S. Army Corps of Engineers (COE). Specifically, in 1989 and 1994 the 
COE conducted sediment studies within the dock area at the U.S. Moorings Station, located 
adjacent to, and down-river of, the Gasco site (Britton, 1990; Siipola and Britton 1994). 
Finally, in July 1997, the COE completed sediment sampling activities as part of their 
overall dredging material evaluation program, that included the collection of sediment 
samples within the Willamette River, including one adjacent to the Gasco site. 

Sediment core logs from investigatory activities conducted by Northwest Natural depicting 
lithologic and contaminant conditions at each core location are provided within Appendix 
C. Figures depicting sediment sample locations, as well as a summary of available 
sediment data collected adjacent to the site to date (Northwest Natural, EPA, and U.S. 
Army Corps data), are included within Appendix J. 

3.3.3 Groundwater Quality and Flow Direction Data 

Groundwater quality data at the Gasco site has been collected from 7 temporary well points 
installed in 1995, as well as from 18 permanent monitoring wells that were installed in 
1995 and 1998. Well MW-6-61 was decommissioned by removal in 1997. Eight 
groundwater quality monitoring events have been conducted at the Gasco site to data from 
the existing monitoring well network. Static groundwater level measurements from the 
monitoring well network were collected monthly during 1996, and have been collected on a 
quarterly frequency since that time. 

For reference herein, a figure depicting all temporary well point and monitoring well 
locations, as well as a summary of available groundwater quality data collected at the site 
to date, including posting maps and time-concentration plots, are included within 
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Appendix H. Groundwater elevation data, hydrographs, and groundwater flow direction 
maps and hydrographs may be found within Appendix E. Monitoring well construction 
logs are provided in Appendix B. 

3.3.4 On-Site Surface Water and Sediment Data 

On-site surface water and sediment sampling activities were conducted at the Gasco site 
on January 30, 1996. These activities involved the collection of surface water samples at 
two locations within the on-site drainage ditch, as well as within each of the three on-site 
ponds. Additionally, a shallow sediment sample was collected from each of the three on
site ponds. A figure depicting sample locations, and tables summarizing the results of 
these activities, are included within Appendix 1. 

3.3.5 Air Quality Data 

Sampling for airborne contaminants at the Gasco site has been conducted for chemical 
exposure monitoring during implementation of the early stages of RI investigatory 
activities (1995), as well as for ambient air quality monitoring (1996). All monitoring 
activities were conducted by Paul Carlson Associates, Inc. (PCA), a firm specializing in 
industrial hygiene issues and air monitoring. 

In addition to the above described air monitoring activities, two samples of accumulated 
dust were collected from the site. A figure depicting air and dust sampling locations, and 
results of all air monitoring activities, are provided within Appendix K. 

3.3.6 Geophysical Data 

On November 22, 1995, a preliminary survey with ground penetrating radar (GPR), 
electromagnetic (EM), and magnetic geophysical methods was conducted in the vicinity of 
the former Settling Ponds / South Fill Area by GeoPotential of Gresham, Oregon. Three 
profiles were completed in an attempt to identify and map fill zones, tar zones, and 
lithologic changes. The results of this survey are included within Appendix L. 

3.3.7 Aquifer Testing Data 

In order to estimate hydraulic properties of the shallow and intermediate-depth water 
bearing zones at the Gasco site, rising head slug tests were conducted at a majority of the 
site wells in March 1996. The raw data summary of results of these testing activities was 
provided within RI Data Package Report (HAl, 1996). A summary of aquifer slug testing 
results is included within Appendix E (Table E-2). 
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The geologic units of interest at the subject site can be subdivided as follows, from youngest 
to oldest: 

• Surficial Fill Deposits 

• Alluvial Deposits 

Willamette River Deposits 
Catastrophic Flood Deposits 

• Columbia River Basalt Group 

4.1 Columbia River Basalt Group 

The oldest and lowermost geologic unit of interest at the site consists of the Columbia River 
Basalt Group. The Miocene-age Columbia River Basalt Group, composed of a series of 
individual lava flows, generally forms the base (bedrock) of the Portland Basin and 
outcrops immediately to the southwest of the Site in the Tualatin Mountains. 

A bedrock surface elevation map, utilizing RI data as well as data obtained from historical 
boring logs from 19 geotechnical soil borings that were installed at the site in 1915 during 
the early stages of development activities, is included as Figure 5. As depicted on Figure 5, 
from the Tualatin Mountain outcropping, the basalt surface dips steeply to the northeast, 
with the top of the basalt lying at an elevation near mean sea level [a depth of approximately 
36 feet below ground surface (bgs)] in the southern corner of the site (as observed at the MW-
12-36 well location), to elevations deeper than -133 feet msl adjacent to the Willamette 
River (as observed at boring H-4). Based on the predicted slope of the bedrock surface as 
interpreted with available data, bedrock is likely the deepest beneath the eastern portion of 
the site, where based on the observed slope in bedrock surface, it is estimated that the 
bedrock surface could occur at an elevation deeper than -230 feet msl. 

4.2 Alluvial Deposits 

Overlying the eroded basalt surface at the site are Quaternary-Age alluvial deposits, 
composed of unconsolidated sands and silts, that range in thickness from approximately 
30 feet near St. Helens Road, to an estimated thickness of greater than 200 feet adjacent to 
the Willamette River. These alluvial deposits have been differentiated by Geraghty & 
Miller (1991), into the Catastrophic Flood Deposits·and Willamette River Deposits. Since 
these two units may be difficult to differentiate in places, the conceptual site model groups 
the two units together and refers to them as undifferentiated Alluvial Deposits. The 
uppermost unit of the undifferentiated Alluvial Deposits in the vicinity of the site has been 
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identified as a clayey silt by Camp Dresser (1987), while Geraghty & Miller (1991) 
identified both silt and clay facies associated with the upper zone of the Alluvial Deposits. 

Borings installed by HAl at the Gasco site encountered a laterally extensive silt unit, with 
typically little to no clay content, at the upper portion of the undifferentiated Alluvial 
Deposits. This silt unit exhibits coloration ranging from olive gray to green, with some 
areas of orangish-brown mottling. Small sand lenses and rootlet zones are present within 
portions of the silt unit. Fine to medium-grained sands, silty sands, and relatively thin 
interbedded silts were encountered below the silt unit at intermediate depths within the 
undifferentiated Alluvial Deposits. 

As depicted in Figure 6, the top of the silt unit was encountered at elevations ranging from 
20 to 35 feet msl at the southwestern portion of the site, sloping to the northeast towards the 
Willamette River where it was encountered at elevations of approximately 5 to 10 feet msl. 
In general, the top of the silt unit appears to slope more steeply beneath the southwestern 
portion of the Site at the area of the former Light Oil Plant, Pitch Plant, and Tar Processing 
Area, with the slope becoming more gradual and even reversing slightly, beneath the 
central and northeastern portions of the site. 

As depicted on Figure 6, the existence of a northwest-southeast trending depression in the 
top of the silt unit is apparent across the central portion of the site. Two low spots within this 
depression were identified at locations corresponding to wells MW-6 and MW-ll, both 
locations where dense non-aqueous phase liquids (DNAPLs) have been detected. The 
depression appears to be oriented roughly parallel to the location of a former creek bed, 
thought to be a former drainage feature associated with Doane Lake, remnants of which are 
located to the southeast of the Gasco site (Cameron, 1995). The location of the former creek 
was identified on a detailed elevation survey map for the Gasco site that was prepared in 
1906. The location of the former creek, as surveyed in 1906, is depicted on Figure 6. Of 
additional note concerning the 1906 survey, it is found that, in general, the pre-fill ground 
surface elevations at the Gasco site roughly correspond with the elevation of the top of the 
silt unit at the site, thereby supporting the hypothesis that the silt unit does adequately define 
the top of the Alluvial Deposits I base of the Surficial Fill Deposits across the site. 

With regard to the thickness of the silt unit, based on boring log data and depicted on 
Figure 7, the thickness of the silt unit is greatest in the central-southeast portion of the site, 
where thicknesses of up to 35 feet have been identified (boring MW-ll). The silt unit 
appears to thin in all directions from this area of the site, with observed thicknesses of 4.5 
(B-14), 6.0 (MW-5), and 2.5 (B-3 and B-8) feet. Although the silt unit appears to be laterally 
continuous across a majority of the site, because sands and silty sands were encountered 
across the anticipated depth of the silt unit at borings B-9 (drilled to a depth of -3.4 feet ms}), 
GT-1 (drilled to a depth of -16.9 feet ms}) and GT-4 (drilled to a depth of -31.8 feet msl), it 
appears that a thin silt unit was either missed at these locations as an artifact of the selected 
soil sampling interval, or that the silt unit may be locally absent at these locations. 
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A review of the site history and historical aerial photographs indicates that much of the 
property, especially to the northeast adjacent to the river, has been extensively filled-in 
through time. In addition to the overall build-up of ground surface elevations, these filling 
activities have resulted in the removal of two site drainage features, the creek discussed in 
Section 4.2, and a drainage ditch formerly located southeast of the southern PNO tank 
farm, where surface water run-off and manufactured gas plant waste-products were 
apparently formerly discharged to the Willamette River. Based on review of historical 
aerial photographs ofthe site, it appears that this ditch was filled in some time between 1941 
and 1961. The axis of this former drainage feature is shown on Figure 3. 

Based on results of site investigatory activities, the surficial fill zone was found to overlay 
the alluvial silt unit with variations in thickness ranging from approximately 2 feet along 
the southwestern portion ofthe site near the former Light Oil Plant, to a maximum of 30 feet 
in the central portion of the site. Much of the fill encountered at the site consisted of poorly 
graded sands and silty sands that apparently consist of hydraulically placed river-dredge 
material. However, lampblack, spent oxide materials, quarry reject rock, building 
debris, and solidified tars were also encountered within the surficial fill unit at the site, 
especially within the area of the former Tar Ponds and the former Spent Oxide Storage 
area. 

5. SITE HYDROGEOLOGY 

Groundwater occurs in three principal hydrologic zones at the site including the 
unconfmed Surficial Fill water-bearing zone (WBZ), the semi-confined Alluvial Sand 
WBZ, and the confined bedrock aquifers in the Columbia River Basalts. A laterally 
extensive low permeability silt unit separates the Surficial Fill WBZ from the Alluvial 
Sand WBZ across a majority of the site. 

With respect to the overall regional groundwater flow regime in the vicinity of the Gasco 
site, it is anticipated that the Tualatin Mountains form a regional groundwater recharge 
boundary to the southwest of the site, while the Willamette River likely forms a regional 
groundwater discharge boundary to the northeast, acting as a hydraulic barrier to 
groundwater flow to the opposite side of the river. 

A generalized hydrologic cross-section, depicting the conceptualized groundwater flow 
regime beneath the site, is provided as Figure 8. General descriptions of each of the three 
principal hydrologic zones beneath the site are provided below. . 
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The water table, generally found to be perched within the Surficial Fill WBZ, above the 
upper alluvial silt unit, has been identified at depths that fluctuate seasonally from 3 to 12 
feet bgs (34 to 25 feet ms}) at the southwestern portion of the site (well MW-9), and from 9 to 
27 feet bgs (25 to 7 feet ms!) at the eastern portion ofthe site (well MW-4-35). Based on the 
observed seasonal fluctuations of the water table elevation, the overall saturated thickness 
of this WBZ may be expected to fluctuate from approximately 3 to 25 feet at the northeastern 
boundary of the site, located adjacent to the Willamette River. Groundwater elevation data 
for monitoring wells at the site are provided in Appendix E (Table E-l). 

As depicted on groundwater elevation maps generated for the site (Appendix E, Figures E1-
E18), the groundwater flow direction within the Surficial Fill WBZ is northeasterly 
towards the Willamette River, with an overall average hydraulic gradient of 
approximately 0.017. As measured since December 1995, the observed groundwater flow 
direction within this WBZ has remained relatively constant through time. The calculated 
hydraulic gradient within this WBZ has been found to fluctuate from a low of 0.010 in 
February 1996, to a high of 0.020 in September 1996, and February 1997. 

As depicted on water level hydrographs for well pairs installed at the site (Appendix E), a 
downward vertical hydraulic gradient tyPically exists between the Surficial Fill WBZ and 
the Alluvial Sand WBZ. An exception to this overall downward hydraulic gradient was 
noted at the central portion of the site (MW-8 and MW-10 clusters) during the February 
1996 Willamette River flooding event, when an upward gradient existed between these 
units at these locations. A vertical gradient reversal was also noted at the MW-10 location 
in February and June 1997, as well as in June 1998. These gradient reversals appear to 
result from rapid increases in river stage, with the Alluvial Sand WBZ directly 
responding to increases in river stage, while responses in the Surficial Fill WBZ occur 
more slowly and are less pronounced with increased distance from the river. 

Based on slug testing that was conducted by HAl in March 1996, an overall average 
hydraulic conductivity of 3.9 feet per day (ftJday) was calculated for the fill WBZ, with the 
lowest calculated hydraulic conductivity identified at well MW-8-29 (0.0067 ftlday), and 
the highest calculated hydraulic conductivity identified at well MW-4-35 (26 ftJday) (Table 
E-2). 

Based on the referenced hydraulic conductivities, a calculated average hydraulic gradient 
of 0.020, and an assumed effective porosity of 0.20, the average groundwater flow velocity 
within the Surficial Fill WBZ is estimated to be 0.4 ftlday, ranging from an estimated 
0.0007 ftlday atthe MW-8-26 location, to an estimated 2.6 ftlday at the MW-4-35 well 
location. Such high variability of calculated flow rates is anticipated within the Surficial 
Fill WBZ, due to the significant heterogeneaties identified within this zone, and the 
localized area of influence of each slug test. 
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The Alluvial Sand WBZ, encountered below the silt unit at the site, extends to a total depth 
ranging from approximately 36 feet bgs (0 feet ms}) at the southern portion ofthe site (MW-
12-36), to greater than an estimated 265 feet bgs (-230 feet ms!) adjacent to the Willamette 
River. Due to its great apparent thickness, the Alluvial Sand WBZ has been arbitrarily 
subdivided into intermediate and deep zones. Existing site monitoring wells installed in 
the Alluvial Sand WBZ are screened within the intermediate zone to depths of 36 to 61 feet 
bgs (-26 to -20 feet ms!), while shallow zone monitoring wells are screened within the 
Surficial Fill WBZ. 

As depicted in groundwater elevation maps generated for the site (Appendix E, Figures 
E19-E37), the groundwater flow direction within the Alluvial Sand WBZ is northeast 
towards the Willamette River, with an average hydraulic gradient of 0.016 (as measured 
between wells MW-I0-61 and MW-3-56). As measured since December 1995, the observed 
groundwater flow direction within this WBZ has remained relatively constant through 
time. The calculated hydraulic gradient within this WBZ has been found to fluctuate from 
a low of 0.008 in February 1996, to a high of 0.022 in September 1996. 

Based on slug testing that was conducted by HAl in March 1996, an overall average 
hydraulic conductivity of 0.79 ftlday was calculated for the Alluvial Sand WBZ, with the 
lowest calculated conductivity identified at well MW-8-56 (0.08 ftlday), and the highest 
calculated conductivity identified at well MW-6-61 (1.5 ftlday). 

Based on the referenced hydraulic conductivities, a calculated average hydraulic gradient 
of 0.017, and an assumed effective porosity of 0.20, the average groundwater flow velocity 
within the alluvial WBZ is estimated to be 0.07 ftlday, ranging from an estimated 0.007 
ftlday at the MW-8-56 location, to an estimated 0.13 ftlday at the MW-6-61 well location. 

5.3 Basalt Unit I Bedrock Aquifer 

A boring log for an abandoned bedrock zone industrial water supply well drilled on the 
southern portion of the Gasco site (exact location unknown) in 1948 indicated competent 
basalt bedrock to occur from a depth of approximately 61 feet bgs to a depth of241 feet bgs, 
below which was an approximate 17 foot thick sand zone (corresponding to the zone of water 
production) that was underlain by fractured basalt to the total depth of the hole at 370 feet 
bgs. Notes provided on the boring log for this well indicate that pumping ofthe well at a rate 
greater than 140 gallons per minute (gpm) would result in the water level being dropped 
below the pump. 

Boring logs for two 400-foot deep cathodic pipeline protection wells drilled on the 
southwestern portion ofthe Gasco site in 1976 and 1985 indicate alternating layers of 
broken rock with clay layers and competent basalt through the entire drilling interval, 
with a sandstone, perhaps equivalent to the water producing sand horizon identified within 
the well log for the supply well, being identified in one of the wells at a depth of 290 to 310 feet 
bgs. No information on the occurrence of water was provided for either of the cathodic 
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protection wells. As both wells contain sacrificial anodes and bedding material for the 
corrosion protection of pipelines at the site, information on water within the bedrock is 
unavailable at these locations. Boring logs for the former water supply well, and the 
cathodic protection wells, are included within Appendix D. 

Based on the site conceptual model, it is anticipated that groundwater within the basalt unit 
flows to the northeast towards the Willamette River (a regional discharge zone). An 
upward hydraulic gradient within the basalt aquifer is likely to occur in the vicinity of the 
Gasca site and Willamette River, potentially resulting in localized discharge from the 
basalt aquifer unit upwards into the Alluvial Sand WBZ (Figure 8). 

With regard to water use within the bedrock aquifer within the vicinity of the Gasca site, a 
water well survey conducted for Northwest Natural (Stoel Rives, 1997), identified the 
presence of twelve documented water wells located on the western side of the Willamette 
River within a one-mile radius of the Gasco site. Of these twelve wells, eleven were 
identified as providing an industrial water source, and one was identified as providing a 
domestic/irrigation water source. None of the eleven industrial wells are currently in 
service, as the owners have all switched to the use of City of Portland water. The domestic 
well, located significantly upgradient of the Gasca site within the Tualatin Mountains, is 
currently used. The well survey did not identify the presence of water wells withdrawing 
groundwater from either the Surficial Fill WBZ or the Alluvial Sand WBZ. 

6. NATURE, EXTENT, AND TRANSPORT OF CONTAMINANANTS 

Field observations as identified in soil boring logs (Appendices A and B) indicate that 
residual tar, oil tar, and lampblack are present within soils at the Gasca site. Oil tar and 
tar are primarily differentiated herein by their physical characteristics, especially color 
and viscosity. Specifically, when described herein, tar will refer to a black, viscous to 

semi-solid petroleum hydrocarbon, while oil tar will refer to a brown to black hydrocarbon 
that is significantly less viscous than the aforementioned tar and is potentially mobile in 
the subsurface soils. Additionally, the presence of oil tars in soils as referenced herein, 
refers to product being visible in a soil sample, and may not include soils that show some 
other evidence of contamination, such as sheen, odor, or elevated headspace. Lampblack is 
a term referring to a hydrophobic black powder or sandy material, consisting primarily of 
carbon, that may contain minor concentrations of petroleum hydrocarbons (Gas Research 
Institute, 1996). 

Free product oil tars, herein referred to as free product DNAPL, or just DNAPL, have been 
identified in three areas of the site. Free product DNAPL is potentially mobile and 
recoverable product. 

The constituents of primary concern in tars and oil tars are the aromatic hydrocarbons 
benzene, toluene, ethylbenzene and xylene (BTEX) and polynuclear aromatic hydrocarbon 
(PAH) compounds. Other contaminants of concern at manufactured gas plant sites 
include cyanide, phenols, and metals. A discussion on the nature and extent of residual 
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product, free product DNAPL, as well as identified soil and groundwater impacts is 
presented in the following sections. 

6.1 Residual Product In Soil 

Iso-contour maps depicting the distribution of residual oil tar and tar in soils at the Gasco 
site have been provided in Appendix F. Specifically, Figures F-1 and F-2 depict the depth to 
the top and the thickness of residual oil tar as observed at the Gasco site, while Figures F-3 
and F-4 depict similar information with regard to the tar. These figures also depict the 
overall lateral extent of observed residual oil tar and tar within soils, as identified during 
the soil boring program at the site. Cross-sections provided in Appendix M depict the 
identified extent of observed oil tar and tar within soil borings installed at the site. 

6.1.1 Residual Oil Tar 

As depicted on Figures F-l and F-2, residual oil tar has been identified in soil borings 
installed throughout the southeasterly and central portion of the site, primarily 
corresponding to the locations of the former Light Oil Plant, northeastward through the 
former Tar Ponds, and northwestward through the area of the former Retort Area. 
Additionally. two apparently small and isolated areas of residual oil contamination have 
also been identified in borings installed in the vicinity of the former Spent Oxide Storage 
area (MW-1 and B-1) and the PNO tank farm <GT-l). 

With regard to the distribution of residual oil tar within soils across the site, it is apparent 
that several primary source areas for this product may be identified, including: 1) the 
former Light Oil Plant; 2) the former Retort Area; and 3) the former Tar Settling Ponds. 
Residual product found in the former Spent Oxide Storage area (MW-1 and B-1) was likely 
placed there as contaminated fill, while the minor diesel product found in the PNO tank 
farm area (GT-1) appears related to PNO tank operations. 

6.1.1.1 Former Light Oil Plant I Retort Area 

The depth to the surface of residual oil tar product (Figure F-l) at the Gasco site was found to 
be the shallowest (i.e., less than 5 feet bgs) in the immediate vicinity of the former Light Oil 
Plant (borings B-19 and B-22). In the vicinity of the former Retort Area, residual oil tar 
was found at a depth of7.5 feet bgs at boring B-I3. The depth to the top of the residual oil tar 
was typically found to increase with increasing distance from the former Light Oil Plant 
and Retort Area, with the residual oil tar surface generally corresponding with the top of 
the underlying silt unit. Based on the preceding, it appears likely that the former Light Oil 
Plant and the former Retort Area (including the adjacent railroad siding) are the two 
primary source areas for the oil tar observed throughout the current Northwest Natural 
LNG Plant and the Koppers Lease areas, with the oil tar subsequently having migrated 
from these source areas via gravity along the surface of the northeast sloping silt unit, with 
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a preferential pathway being created due to the permeability contrast between the surficial 
fill and the underlying silt unit. 

With regard to the lateral extent of the oil tar originating from the former Retort 
ArealLight Oil Plant source areas, it is noted that the northwest-southeast trending 
depression in the surface of the silt unit (Figure 6), appears to have acted as a barrier to the 
lateral migration of the mobile oil tar product, generically referred to as DNAPL, to the 
northeast towards the Willamette River. Lows within this silt unit depression also appear 
to have acted as preferential areas of DNAPL accumulation. Further discussion of 
DNAPL is presented in Section 6.2. In addition, the silt unit within the western portion of 
the Gasco site appears to have acted as a vertical barrier to oil tar product migration, with 
no oil tar observed below the silt unit in this area. 

Evidence to support the above-identified barrier I DNAPL accumulation hypothesis for the 
depression in the surface of the silt unit is provided by the observed presence of DNAPL 
within wells MW-6-36 and MW-1l-32, located at the overall low points within the 
depression, and in well MW-I0-25, located on the up-dip, source area, side of the 
depression, while no residual oil tar product or DNAPL has been identified at the B-7, B-IO, 
or MW-13 boring locations, all of which were installed on the opposite side of the depression 
from the former Retort Area. Although residual oil tar is found on the opposite side of the 
depression in the southern portion of the site, this is thought to be due to a different source 
area (see Section 6.1.2). 

With regard to the vertical extent of the oil tar product that has apparently been sourced 
within the Light Oil Plant I former Retort Area, it is noted that a lack ofBTEX and PAR 
detections in groundwater at monitoring well MW-13-61, screened beneath the silt unit 
downgradient from the apparent product-bearing depression, and a lack of BTEX or 
significant PAH detections at the MW-IO-61 location, installed through the shallow 
DNAPL and screened below the silt unit at a location down-dip of the suspected source 
areas, indicates that the silt unit at this portion of the site appears to have acted as an 
effective barrier to the vertical migration of the DNAPL into the underlying Alluvial Sand 
WBZ. 

In order to verify the lack of DNAPL migration into the Alluvial Sand WBZ at the former 
Light Oil PlantlRetort source area, a deep Alluvial Sand WBZ well, to be constructed on top 
of bedrock, has been proposed (HAl, 1998a) for installation in the vicinity of the depression 
in the silt unit surface, down-dip of the former Light Oil Plant (i.e., near boring B-26). 

6.1.1.2 Former Tar Pond Area I B-29 Area 

The greatest depth at which residual oil tar in soils has been identified at the Gasco site is 
in the area of the former Tar Ponds. Specifically, the depth to residual oil tar product at this 
portion ofthe site has been found to range from 20 feet bgs (14 feet msl at B-35) to 60 feet bgs (-
25 feet msl at B-33). Based on observations made during the installation of borings within 
the former Tar Pond area, it appears that the observed oil tars have likely been sourced as 
emulsions or degradation of the thick accumulations of tar that had been disposed of at this 
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portion of the site. Evidence for such a source is provided by boring logs that indicate the 
presence of viscous or hardened tar being underlain by vertical fingers of less viscous oil 
tar that were found to have migrated downward through rootlet casts within the underlying 
silt unit, and in some cases (B-29, B-32, B-33, B-34, and possibly MW-8), having extended 
into the upper portion of the underlying Alluvial Sand WBZ. 

With regard to the vertical extent of the oil tar identified in the vicinity of the former Tar 
Ponds, it is noted that the depth to the bottom of the oil tar has been defined at virtually all 
borings installed at the Gasco site. In the Tar Pond area, the deepest that oil tar was found 
to extend was to a depth of 67 feet bgs (-32 feet ms!) at the B-33 boring location. 

Although it appears that the vertical extent of oil tar has been identified beneath the Tar 
Ponds, in order to more completely evaluate the potential that product may have migrated to 
greater depths in other areas of the former Tar Ponds, and to define the vertical extent of 
groundwater contamination at the site, the installation of two deep Alluvial Sand WBZ 
wells at locations down-gradient of the former Tar Ponds has been proposed (HAl, 1998a). 
Observations of soil and water quality at these locations will assist in determining the 
magnitude of deep oil tar impacts at, and down-gradient of, the former Tar Pond area. 

Laterally, it is noted that oil tar was not found in soil borings located between the former 
Tar Ponds and the Willamette River (borings B-31, MW-4, and MW-5), however, oil tar 
was found to occur (below a thick zone oftar) from a depth of27 to 39 feet bgs (4 to -8 feet ms}) 
at the B-29 boring location, situated adjacent to the river in the area of the former discharge 
drainage feature. Although tar was identified in other borings (B-9 and MW-3) installed 
within drainage feature, no oil tar was found to be associated with the tars at these 
locations. It appears that the tars and oil tars present at B-9, B-29, and MW-3 are the result 
of placement during the filling of the drainage feature. 

With regard to the lateral extent of oil tar to the south of the former Tar Ponds, based on the 
location of the former Tar Ponds adjacent to the southern property line, and based on 
knowledge that soils from the Gasco site were used as filIon the property to the south (i.e., 
Wacker Siltronic, Inc.), the potential exists that tar and associated oil tar impacts could 
extend to the Wacker Siltronic, Inc. property. 

6.1.1.3 Spent Oxide Storage Area and Vicinity 

Soil saturated with oil tar was identified in the vicinity of the former Spent Oxide Storage 
. area at the MW-l and B-1 boring locations in the northwest portion of the site. The zone of 

product saturation was found to consist of an interval approximately 5 feet thick located 
immediately above the silt unit at depths ranging from 16 to 22 feet bgs. Boring logs 
indicate that much debris had been deposited at this portion of the site as fill, including 
concrete, bricks, lampblack, and spent oxide. As borings B-2, B-3, B-4, B-5, and B-7, all of 
which did not show indications of soil impacts, are located between the area of observed oil 

-tar and-the primary oil tar source area (former Light Oil Plant / Retort Area at the site), it 
appears that the identified oil tar was likely directly deposited at this portion of the site as a 
component of the fill, and its presence is not a result of migration from other portions of the 

HAHN AND ASSOCIATES, INC. 

Koppers022422 



Phase I Remedial Investigation Report 
Northwest Natural-Gasco Facility 
7900 NW St. Helens Road 
Portland, Oregon 

Page 16 of 44 
Project No. 2708 
October 9, 1998 

site. With regard to the character of the observed product, it is noted that well MW-I is 
screened directly across the zone of observed oil tar saturation, and that free product 
DNAPL has not been found within this well. Based on the preceding, it appears that the 
observed oil tar at the MW -11 B-1 portion of the site is likely in the form of residual product 
as opposed to a potentially mobile DNAPL. 

As indicated on the lithological log for boring GT-I, a boring installed within the north end 
of the southern PNO tank farm, petroleum contamination was found to occur from a depth 
of 8.5 to 11 feet bgs. This product had a diesel odor uncharacteristic of the oil tar 
encountered at the site, and was found at a depth that indicated it to be likely floating on the 
water table. Analysis of a soil sample from the zone of product saturation indicated total 
petroleum hydrocarbons within the diesel range of 13,400 ppm, with no carcinogenic PAHs 
identified. The preceding, as well as the location of the product being within the PNO tank 
farm, an area where petroleum products are actively managed, indicates the source of the 
diesel is likely related to tank farm operations, and is not due to historic manufactured gas 
plant activities. Finally, the extent of the apparent diesel product in the subsurface appears 
to be limited, as no such product was identified at adjacent boring locations B-8 or GT-2. 

6.1.2 Tar 

In addition to tar distillates (oil tar), an extremely viscous I semi-solid, black tar was 
identified during the investigation in a number of soil borings at the site. Specifically, as 
depicted on Figures F-3 and F-4, the tar has been identified in soil borings installed 
throughout the eastern portion of the site corresponding to the location of the Former Tar 
Ponds and the former drainage feature. Additionally, isolated areas of tar were identified 
at the location of the former Naphthalene Plant (MW-IO), and in the PNO Lease Area at B-
6. 

Based on tar thicknesses and depths at the site, it appears that the main source area for the 
observed tars is the former Tar Settling Ponds, where, according to Camp Dresser & 
McKee (1987), approximately 4,600,000 gallons, or 23,000 cubic yards (dry content) of tar 
were discharged. At the former Tar Pond area, tar and tar mixed with lampblack were 
placed (filled) to depths of approximately 25 feet bgs. Directly beneath the tar ponds, tar has 
migrated vertically into the underlying silt unit, likely due to the mass and weight of the 
overlying tar. At one location (B-33), tar was found to extend into the Alluvial Sand WBZ, 
where the maximum depth of tar observed at the site (60 feet bgs) was encountered. Tarry 
soils typically were encountered within 5 feet of the ground surface in the eastern portion of 
the site (Figure F-3). 

As evidenced by the tars identified at the MW-3, and B-9 and B-29 locations, it appears that 
tar may have been discharged to the former drainage ditch, and/or used to fill the ditch 
feature. As observed on historical aerial photographs, this ditch was located to the southeast 
of PNO's southern-most tank farm, where it discharged into the Willamette River. 
Elevated PAR concentrations in river sediments collected in the vicinity of the likely 
confluence of the former drainage ditch with the river, as discussed in Section 6.6 of this 
report, tends to support the potential that tarry wastes may have historically been 
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discharged to the river through this former ditch. As no tar was identified within borings 
GT-3 and GT-4, installed immediately to the northwest of the former ditch and within 50 
feet of well MW-3, it appears that the tars are not migrating significantly from their 
apparent location of deposition within the former ditch feature. 

Camp Dresser & McKee (1987) indicated that the drainage feature discussed above likely 
received the main waste discharges at the site up until 1941, at which time the tar ponds 
were brought on-line to act as a pollution abatement measure. With regard to the type of 
wastes discharged, Camp Dresser & McKee indicate that wastes discharged prior to 1925 
would be characterized primarily as being wastewaters containing dissolved and 
suspended hydrocarbons, tar, and spent oxide. After 1925, the amount of tar within the 
waste stream would have been reduced such that it accounted for only a small amount of tar 
produced at the site, as tar refining operations were begun that year. Finally, with the 
start-up of the tar ponds beginning in 1941, the volumes of wastes discharged to the river 
would have been dramatically reduced at that time. 

In summary, boring log data suggests that tars are present within the Fill Unit extending 
from the location of the former Tar Ponds at the eastern portion ofthe site, northwestward to 
the location of the former drainage ditch. Based on the thickness of residual tar in soils 
identified at the Former Tar Pond and drainage ditch areas, it is estimated that in excess 
of250,000 cubic yards of tar and tar mixed with soils may be present in the subsurface at 
this portion of the site. 

Approximately 9.5 feet oftarry soils were identified at the MW-I0 location, situated at the 
area of the former Naphthalene Plant. With greater depth the tar at this location is found to 
become less viscous and more oil-like (oil tar). Although the oil tar extends throughout 
much of the former Light Oil Plant northward to the former Retort area (as discussed in 
Section 6.1.1), the tarry soils appear to be restricted to the general area ofthe former 
Naphthalene Plant at this portion of the site. 

With regard to the tar identified in boring B-6 located near the former Oxide Building and 
Oxide Storage Area, because the tar was found mixed with sand and brick fragments and . 
was of very limited vertical extent (up to 2.5 feet), it appears likely that the tar was present 
in fill placed at this portion of the site, and does not represent a source area of significance. 

6.2 Free Product DNAPL 

Free product DNAPL has been identified at three locations at the Gasco site, all located 
within the Surficial Fill WBZ and perched on top of the silt unit. Specifically, up to 
approximately 8 feet ofDNAPL has been identified within the bottom of well MW-6-32, 
while up to 3.5 feet ofDNAPL has been identified at the MW-IO-26 location, and up to 2 feet 
ofDNAPL has been identified at the MW-1l-32 location. It is noted that the observed 
DNAPL thickness within the wells is apparent, and due to well hydraulics (i.e., a lower 
hydrostatic head within the well than in the surrounding formation) and screen placement 
(i.e., penetration below the surface of the impermeable barrier), DNAPL thickness within 
the wells may actually overestimate the DNAPL thickness that is present within the 
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formation (Huling and Weaver, 1991). With specific respect to the Gasco site for instance, 
although up to eight feet ofDNAPL has been identified within well MW-6, only 2.5 feet of 
product saturated soils were identified during well installation, suggesting the preceding 
conditions may be applicable. 

The source for the DNAPL at the MW-6 location is likely the former Retort area, while the 
source for the DNAPL at the MW-I0 and MW-lliocations is likely the former Tar 
Processing area and/or the former Light Oil Plant area. The location of these wells 
relative to the predicted source areas, as well as variations in the color and odor of the 
DNAPL between the MW-6 and MW-IOIMW-lllocations supports this hypothesis. 

With regard to DNAPL transport, it is likely that the DNAPL migrated downward within 
the Surficial Fill WBZ at the source areas until encountering the silt unit, at which point 
the permeability contrast between the fill and the silt unit would have caused the DNAPL to 
migrate laterally via gravity along the top of the silt unit in a down-dip direction. Lows 
within the silt unit located along the area of the former creek bed (i.e., the silt unit 
depression) appear to have acted as preferential areas of DNAPL accumulation, and also 
appear to have prevented the continued migration of DNAPL towards the eastern portion of 
the site (as detailed in Section 6.1.1.1). 

As no DNAPL has been identified in wells installed to the northeast of the silt unit 
depression, the presence of free product DNAPL (versus residual product contamination) at 
this portion of the site has not been verified. As discussed in Section 6.1.1.1, in order to 
more completely ascertain the potential for the occurrence of free product DNAPL at depth 
below the former Tar Ponds, the installation of two deep Alluvial Sand WBZ wells at 
locations down-gradient of the former Tar Ponds has been proposed (HAl, 1998a). 

Additionally, with regard to the areas of known DNAPL occurrence (within and to the west 
of the silt unit depression), a pilot test has been proposed by Northwest Natural (HAl, 1998b) 
involving the extraction of the DNAPL from the wells in which it has been identified. The 
objective of the testing is to evaluate the pump ability and recoverability of the free product 
in order to ascertain the viability of such an action as a potential remedy at the site. 

6.3 Soil Quality Impacts 

Laboratory analyses of soils at the site (Appendix G), including those that contain the 
residual petroleum products identified above, indicate that soils at the site have primarily 
been impacted by PAHs, BTEX constituents, and cyanide. Additionally, as discussed 
below, an area of slightly elevated arsenic concentrations appears to exist at one portion of 
the site. 

6.3.1 Polynuclear Aromatic Hydrocarbons and BTEX Compounds 

In total, 136 soil samples from 48 locations have been analyzed for PAHs, while 58 soil 
samples at 31 locations have been analyzed for BTEX constituents at the site. Detectable 
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concentrations of total PAHs in soil at Gasco were found to range from less than 0.5 ppm to 
a maximum concentration 58,822 ppm (B-29 location), while detectable total carcinogenic 
PARs in soil were found to range from 0.03 ppm to a maximum concentration of 5,214 ppm 
{B-29 location). Total BTEX concentrations were found to range from 1.0 ppm to a 
maximum concentration of 891 ppm (B-18 location), with detectable benzene 
concentrations ranging from 0.72 ppm to a maximum of 360 ppm (B-18 location). 
Maximum PAH concentrations tend to be associated with product saturated soils (oil tar 
and tar) identified in the former Tar Pond portion of the site, while the most significant 
BTEX contamination tends to be present in both product saturated soils (oil tar and tar) and 
in soils that bear a petroleum hydrocarbon sheen. 

As depicted on the data tables and posting maps provided within Appendix G, the vertical 
extent ofBTEX and PAR contamination within soil at the site has been well defined at 
most soil boring locations. The most significant impacts are generally restricted to the 
Surficial Fill Unit, with the exception of the former Tar Pond and drainage ditch areas, 
where residual tar and oil tar have been found to extend into the silt unit, and in some 
cases, into the upper Alluvial Sand Unit. At virtually all locations, including the Alluvial 
Sand Unit, it was found that PAH concentrations declined dramatically just a short 
distance below zones of observable residual product. 

6.3.2 Phenols 

In total, 25 soil samples from 20 locations have been analyzed for phenols at the site. Only 
one soil sample analyzed for phenols resulted in the identification of a phenolic compound. 
Specifically, pentachlorophenol was identified at the boring B-18 location at a 
concentration of 0.36 parts per million (ppm), a concentration only slightly above detection 
limits. The overall lack of phenolic impacts to soil is not unexpected as significant 
concentrations of phenolic compounds are typically restricted to manufactured gas plant 
sites that used a coal gasification process, not an oil gasification facility such as Gasco 
(Gas Research Institute, 1996). . " 

6.3.3 Cyanide 

Research conducted at manufactured gas plant sites indicates that cyanides typically exist 
in complexed forms, with iron complexes dominating (Gas Research Institute, 1996). 
These cyanide complexes would have been generated during the process of removing 
sulfur from the product gas, as cyanide within the gas, if any, would also be removed 
during this process. As oxides were used to remove the sulfur from the gas, the cyanide 
complexes would be associated with the spent oxide wastes. The iron complexed cyanide 
(ferrocyanide) within the spent oxide at manufactured gas plant sites may be recognizable 
by blue staining. 

It is of note that the Gas Research Institute (1996) indicates that the most significant 
quantities of cyanide would be present at coal gasification plant sites, with the least (trace) 
amounts of cyanide being present at oil gasification sites (e.g., Gasco). 
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The toxicity of cyanide complexes pertains to the dissociation of free cyanide from the 
complexed cyanide. The availability of free cyanide is measured by a determination of 
cyanide that is amenable to chlorination (i.e. amenable cyanide). At the Gasco site, total 
cyanide data are available for soils, while both total and amenable cyanide data are 
available for groundwater. 

In total, 46 soil samples from 25 locations have been analyzed for cyanide at the site. 
Detectable concentrations of total cyanide in soil at the Gasca site have been found to range 
from 0.17 ppm at the B-23 boring location to a maximum of 518 ppm at the MW-9 boring 
location (a sample of fill material with blue staining). A map depicting available cyanide 
data for soil at the site is provided in Appendix G (Figure G-4). 

The presence of cyanide within soils at numerous locations throughout the site is not 
unexpected since spent oxide materials were included as fill materials for the site. As the 
EPA Region 9 Preliminary Remediation Goal (PRG) for free cyanide in industrial soils 
is 13,628 ppm, and because the free cyanide concentration cannot exceed the total cyanide 
concentration, it does not appear that the identified cyanide concentrations in soil at the 
Gasco site pose a significant risk with regard to an Industrial Land Use scenario. The soil 
to groundwater pathway for cyanide may require additional evaluation should 
concentrations in groundwater be deemed to pose an unacceptable risk. 

6.3.4 Metals 

Metals analyses at the Gasco site have primarily been conducted in the area of the former 
Spent Oxide Storage Area (borings B-1, B-2, and B-3) as the presence of trace metals within 
the spent oxide materials is deemed likely (Gas Research Institute, 1996). As such, the 
metals antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, thallium, and zinc were all analyzed in soil samples collected 
from the former Spent Oxide Storage area, with five samples being analyzed at this portion 
of the site. As a follow-up to the preceding, arsenic was analyzed for in soils collected from . 
borings GT-l,GT-2, GT-3, GT-4, and MW-13, with a total of 19 samples being analyzed at 
these five locations. 

With regard to above-identified metals analyses, with the exception of arsenic, sampling 
at the Gasco site has not identified the presence of metals at concentrations in excess of 
EPA Region 9 PRGs for industrial soils or DEQ Industrial Maximum Allowable Soil 
Concentrations. With regard to arsenic, soil samples collected in the area of the former 
Spent Oxide Storage area (borings B-1, B-2, and B-3) indicated elevated concentrations 
relative to samples collected from other portions of the PNO Lease Area, with 
concentrations ranging from 4.9 ppm to 21 ppm being identified. Arsenic concentrations 
from soil borings installed elsewhere at the site (GT-l through GT-4, and MW-13) were all 
found to be less than 3 ppm, which is consistent with typical naturally-occurring 
background concentrations in the area. Some of the samples collected within these borings 
did exceed the 2.38 ppm EPA Region 9 PRG for arsenic. 
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A detailed presentation and analysis of soil contamination data, prepared by Decision 
Management Associates LLC, entitled "Preliminary Analysis of Soil Contamination 
Data, Northwest Natural - Gasca Facility", provided in Appendix 1, includes: 

• Evaluation of sampling strategy, duplicate results, and mixes of PAR compounds. 

• 3-d scatter plots, histograms, and other plots to help visualize the spatial distribution of 
con taminan ts. 

• Statistical evidence for and against breaking the site into areas based on surface 
location and on depth. Several area breakdowns are considered, and depths 
considered are "surface" (0-0.2 feet), "shallow" (0.2-15 feet), and "deep" (>15 feet). 

• Analysis of how concentrations are related to soil odor, sheen, and the presence of 
residual product (oil tar and tar). 

• Analysis of bias in sub surface sampling. 

• Evaluation of data gaps and examples of how concentration probability distributions 
can be constructed from site data for risk analyses. 

Conclusions of the above described data analysis are as follows: 

• There is substantial small-scale variability superimposed on site-scale trends. The 
variability is consistent with placement of fill, mixing of soils, and preferential 
transport of contaminants. 

• There appear to be significant differences in concentrations and variability by area 
and depth. For PARs, site scale trends include increasing contamination towards the 
eastern corner of the site, and lower and less variable concentrations at the surface. 
For benzene, concentrations differ by area and appear consistent with a shallow source 
spreading down-gradient and deeper. 

• The mix of PAHs differs between surface soil and subsurface soil. For surface soils 
the PAR mix is fairly uniform across the site, while subsurface PARs show a diversity 
in mix. 

P AH concentrations are related to soil description (odor, sheen, presence of product). 
Benzene concentrations tend to be elevated when there is oil or sheen, but the 
relationship is weaker. 

• Surface samples were placed randomly and may be used directly. Sub-surface 
samples were collected in part based on soil appearance, and are therefore biased. An 
analysis of the bias indicates that it: 1) increases representation of high-concentration 
PAR samples by approximately 25%, and 2) has no measurable impact on benzene 
values. 

• Seventeen (17) new soil data samples are identified that would be helpful to improve the 
completeness and uniformity of samples at the surface and in shallow soil. In 
particular: 1) 10 approximate locations for the collection of additional surface samples 
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for PAR analyses have been identified, primarily within the PNO and office areas; 
and 2) 7 approximate locations for the collection of shallow soil samples for PAR and 
benzene analyses have been identified. 

• Constructing concentration/probability distributions requires agreement in selection 
of approach and in implementation. Examples are provided for three methods 
(smoothing of empirical data, fitting and use of family of parametric distributions, 
and manual piece-wise construction of a distribution.). Other data needs may become 
apparent with construction of the 8 concentration/probability distributions that are 
needed for assessing risk. 

6.4 Groundwater Impacts 

Eight rounds of groundwater monitoring events have been conducted since the initiation of 
RI activities at the Gasco site. The groundwater monitoring network currently consists of 
17 monitoring wells, of which, 12 are screened within the Surficial Fill WBZ (shallow 
zone), and 5 are screened within the intermediate-depth zone of the Alluvial Sand WBZ. 
Groundwater quality data collected at the Gasco site to date (Appendix H) indicates that 
groundwater within the Surficial Fill WBZ and the Alluvial Sand WBZ has primarily 
been impacted by PARs, BTEX compounds, and cyanide. Additionally, areas of slightly 
elevated concentrations of metals have been identified at several monitoring well 
locations. No halogenated volatile organic compounds (HVOCs) have been identified in 
groundwater at the site, other than 2.2 ppb oftetrachloroethene detected at well MW-1l-32 in 
March 1996. Only low concentrations of phenols have been detected in the groundwater at 
the site, generally being restricted to those well locations where groundwater is found to 
have the highest PAR concentrations. Finally, styrene was identified at a low 
concentration in groundwater within the Surficial Fill WBZ at the MW-12 location. 

Reference levels utilized as a screening tool to evaluate the presence of contaminant 
concentrations in groundwater that would merit additional evaluation in a risk 
assessment, include the following: 

• EPA Maximum Contaminant Levels (MCLs) established for drinking 
water 

• EPA Region 9 Preliminary Remediation Goals (PRGs) established for tap 
water 

• Ambient Water Quality Criteria (AWQC) established under the Federal 
Clean Water Act, and adopted by DEQ for the protection of aquatic life in 
surface water. 

Although significant dilution will occur upon discharge to the Willamette River, the 
A WQC were included herein as a screen for identifying contaminants of concern within 
groundwater since contaminated groundwater at the site ultimately discharges to the 
river, where AWQC may be applicable. Once groundwater flux to the river is evaluated, 
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an appropriate dilution factor will be applied to the identified groundwater concentrations 
to ascertain which contaminants may actually represent constituents of concern at the site. 

Understanding that the current and likely future beneficial uses of the Willamette River 
are recreational, aquatic habitat, and aesthetic, the specific AWQC utilized as a screen 
herein were as follows: 1) For protection of aquatic life - freshwater acute criteria and 
freshwater chronic criteria, and 2) for protection of human health - fish consumption 
criteria were used. In utilizing the AWQC as a screen for groundwater quality, the 
specific A WQC guidance value with the lowest concentration was utilized. To 
reemphasize, due to the dilution that occurs when groundwater discharges to the 
Willamette River, the use of AWQC for screening groundwater contaminant 
concentrations is very conservative. 

6.4.1 Polynuclear Aromatic Hydrocarbons 

Maps depicting contoured total PAR concentrations within the Surficial Fill WBZ, as well 
as in the Alluvial Sand WBZ, during June 1998 are provided in Appendix H (Figures H-2 
and H-3). 

As sampled in June 1998, the maximum concentration of total PARs in groundwater at the 
site was 32,376 parts per billion (ppb), as identified in Surficial Fill WBZ well MW-1l-32. 
Well MW-1l-32 contains several feet of free product DNAPL, is located down-gradient of 
the former Light Oil Plant, and is immediately up-gradient of the former Tar Ponds. 
Surficial Fill WBZ wells MW-6-32 (down-gradient of the former Retort Area) and MW-I0-
25 (down-gradient of the former Light Oil Plant and Tar Processing area at the location of 
the former Naphthalene Plant), also contain DNAPL, with total PAR concentrations in 
groundwater of 2,245 ppb and 12,162 ppb, respectively, as identified during the June 1998 
sampling event. 

In addition to the preceding, total PAH concentrations of 12,407 ppb and 17,720 ppb were 
identified in Surficial Fill WBZ well MW-8-29 and Alluvial Sand WBZ well MW-8-56, 
respectively, a well pair that has been constructed within the area of the former Tar Ponds. 
Down-gradient of the former Tar Ponds, at locations adjacent to the Willamette River, 
total PAR concentrations were found to range from 44 ppb and 95 ppb in Surficial Fill WBZ 
wells MW-4-35 and MW-5-32, respectively, to 2,299 ppb in Alluvial Sand WBZ well MW-4-
57. 

Elsewhere at the Gasco site, total PAR concentrations in groundwater typically range from 
non-detect (wells MW-9-29 and MW-13-61) to less than 1,200 ppb (MW-13-29). 

As indicated on the total PAR concentration map for the Surficial Fill WBZ (Figure H-2), 
it is apparent that the most significant PAR impacts (i.e., greater than 1,000 ppb) within 
this unit correlate extremely well with that portion of the site where the presence of residual 
oil tar or free-product DNAPL are found to occur (see Figures F1 and F2), with total PAR 
concentrations attenuating rapidly down-gradient of the zone of residual product, likely 
due to the low solubility and mobility of PAR compounds in water. 
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To better identify a transport mechanism for PARs in groundwater at the Gasco site, as 
indicated in the data tables within Appendix H, analyses were conducted in March 1996 for 
the dissolved fraction (i.e., less than 0.45 micron) of PARs at well locations MW-6-32 (a 
DNAPL-bearing well), and MW5-32 (down-gradient of the former Tar Ponds). The 
results of these dissolved analyses showed that concentrations of total PARs in 
groundwater dropped to non-detect at the MW-610cation (from 2,346 ppb), while total PAR 
concentrations dropped significantly (from 269 ppb to 45 ppb), and total carcinogenic PAR 
concentrations dropped to non-detect (from 30 ppb) at the MW-5-32 location. The preceding 
provides evidence that the primary mechanism for PAR transport in groundwater at the 
site is likely via advection of contaminants that are adsorbed to colloidal material. It is 
possible that some PARs in the groundwater samples are the result of mobilizing colloidal 
material during purging of the wells for sampling. 

As indicated on the total PAR concentration map for the intermediate depth zone of the 
Alluvial Sand WBZ (Figure H-3), the greatest total PAR concentration (17,720 ppb at MW-
8) was found to correspond to the area of the former Tar Ponds, the area of the site where 
residual oil and/or oil tar were identified at the greatest depths and extending into the 
upper portions of the Alluvial Sand WBZ. Down-gradient of the former Tar Ponds at the 
MW-4-57 well location, relatively elevated concentrations of PARs (2,299 ppb) are found to 
persist, indicating either a greater mobility of the PAR plume within the Alluvial Sand 
WBZ than there is within the Surficial Fill WBZ, or that their may be oil and/or tar product 
present within the Alluvial Sand WBZ in the vicinity of the MW-4-57 well location (as was 
observed at the adjacent B-29 boring location). 

Of additional note with regard to the PAR contamination within the Alluvial Sand WBZ, 
is that although oil tar was found to exist within the Surficial Fill WBZ at the MW-I0 
(former Naphthalene Planti Tar Processing area) and MW-6 (former Retort Area) well 
locations, with free product DNAPL being identified immediately above the silt unit at 
these locations, total PARs in the Alluvial Sand WBZ beneath the silt unit were found to be 
either non-detect (MW-13-61) or to occur at very low concentrations ( 6.2 ppb at MW-IO-61), 
with BTEX constituents at both locations found to be non-detect, indicating that the vertical' <, 

extent of groundwater contamination within the Alluvial Sand WBZ appears to have been 
adequately defined in the central portion of the site. 

To summarize the preceding discussion, existing data indicates that the PAR 
contaminant plume within the Surficial Fill WBZ is primarily restricted to the portion of 
the site where residual tar or oil tar contamination has been identified, and that PAR 
concentrations attenuate rapidly down-gradient of these areas. 

With regard to the Alluvial Sand WBZ, it appears that the PAR groundwater contaminant 
plume is primarily restricted to the eastern portion of the site, within and down-gradient of 
the former Tar Ponds. Across the central and southern portion of the site the confining 
nature of the silt unit is such that it appears to prevent the downward migration of 
contamination into the underlying luluvial Sand WBZ. 
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As the screening criteria for numerous of the PAR constituents in groundwater have been 
exceeded, it appears that further evaluation of these constituents with regard to flux and 
potential impact to the Willamette River will be necessary. 

6.4.2 BTEX Compounds 

Maps depicting contoured total BTEX concentrations within the Surficial Fill WBZ, as 
well as within the Alluvial Sand WBZ, during June 1998 are provided in Appendix H 
(Figures H-4 and H-5). 

As depicted on Figure H-4, the maximum total BTEX concentration identified at the site 
during the June 1998 groundwater sampling event was 129,270 ppb in Surficial Fill WBZ 
well MW-10-25, a well containing several feet of free product DNAPL. A temporary well 
point (BW-19) installed in 1995 adjacent to the former Light Oil Plant at an up-gradient 
location relative to well MW-10-25 identified the presence of 151,600 ppb total BTEX in the 
Surficial Fill WBZ, while a temporary well point (BW-21), installed immediately up
gradient of the former Light Oil Plant identified only 6.4 ppb total BTEX constituents. 
Based on decreasing concentrations of BTEX down- and cross-gradient of the former Light 
Oil Plant, dramatically decreasing concentrations immediately up-gradient of the plant, 
it appears likely that the former Light Oil Plant is the source for the bulk of the BTEX 
groundwater contaminant plume at Gasco. Additionally, based on soil sampling results 
of product-saturated soils, it appears that the residual oil tar may be a secondary, and 
ongoing, source for the BTEX contamination present in groundwater. 

Down-gradient of the former Light Oil Plant, concentrations of total BTEX within the 
Surficial Fill WBZ are found to attenuate, with maximum concentrations of less than 100 
ppb total BTEX common at the down-gradient limit of the site, adjacent to the Willamette 
River. In fact, during the June 1998 sampling event, groundwater samples collected from 
all Surficial Fill WBZ monitoring wells located adjacent to the river resulted in non
detect for BTEX constituents. As observed with the PAH groundwater contamination, and 
as discussed below, it appears that the primary migration pathway for BTEX-contaminated 
groundwater to the Willamette River is via the Alluvial Sand WBZ. 

As depicted on Figure H-5, the maximum total BTEX concentration identified within the 
Alluvial Sand WBZ during June 1998 was 26,610 ppb, as detected at well MW-8-56. As 
previously stated, well MW-8-56 is installed within the area of the former Tar Ponds, the 
portion of the site where residual tar and oil tar have been found to extend to the greatest 
depths, having been identified in soils within and below the silt unit in the upper portion of 
the Alluvial Sand WBZ. 

As indicated by the non-detection of BTEX constituents within the Alluvial Sand WBZ at 
well locations MW-13-61 and MW-10-61, and the relatively lesser concentrations of total 
BTEX constituents at the MW-3-56 well location (630 ppb) relative to the MW-4-57 location 
(10,868 ppb), it appears that the BTEX plume is likely migrating downward into the 
Alluvial Sand WBZ in the vicinity of the former Tar Ponds. Such a pathway would be 
similar to that described with regard to the PAH impacts identified in groundwater at this 
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portion ofthe site, with the exception that the BTEX constituents would be expected to 
dissolve into groundwater from the residual product much more readily than the PAHs 
would, due to higher solubility limits. 

The preceding indicates that the BTEX groundwater contaminant plume within the 
Surficial Fill WBZ is primarily restricted to the portion of the site where residual tar or oil 
tar contamination has been identified, and that BTEX concentrations attenuate rapidly 
down-gradient of these areas. 

With regard to the Alluvial Sand WBZ, it appears that the BTEX contaminant plume is 
primarily restricted to the area of, and down-gradient of, the former Tar Ponds at the 
Gasco site. 

As the screening criteria for each of the BTEX constituents in groundwater have been 
exceeded, it appears that further evaluation of these constituents with regard to flux into, 
and potential impact to, the Willamette River will be necessary. 

6.4.3 Cyanide 

In general, concentrations of total cyanide have been identified at all well locations 
(Surficial Fill WBZ and Alluvial Sand WBZ) at the site with the exception wells MW-IO-61 
and MW-12-36. Maximum detectable concentrations of total cyanide in groundwater at 
the Gasco site have been identified within the Surficial Fill WBZ at the former Spent Oxide 
Storage area (wells MW-1-22 and well point B-l) and in the area of the former Tar Ponds 
(MW-8-29). Specifically, a site-wide maximum cyanide concentration of 11 ppm has been 
identified at the former Spent Oxide area CMW-1), while a maximum of 4.9 ppm total 
cyanide has been identified at the former Tar Pond location (MW-8-29). Cyanide 
concentrations at most other well locations at the site are all relatively uniform, and are 
typically found to be less than 1 ppm. 

The relatively uniform total cyanide concentrations across the site are not suggestive of 
anyone particular source area, but rather appear to be the likely result of the presence of 
spent oxide within the fill unit across the site, with the cyanide potentially having been 
leached and transported vertically into the Alluvial Sand WBZ with the tar and oil tar. 

Amenable cyanide data has been collected over the previous two groundwater sampling 
events (February and June 1998), with a maximum concentration of 0.045 ppm being 
identified at well MW-1-22, located at the former Spent Oxide Storage area. 

As summarized in Section 6.2.3, the toxicity of cyanide is primarily associated with the 
available, or amenable, cyanide fraction. It is of note that amenable cyanide has not been 
identified in groundwater at any monitoring well location at concentrations in exceSS of 
the 0.730 ppm Region 9 EPA PRG for amenable cyanide in tap water. However, as the 
Fresh Chronic A WQC for cyanide in surface water is 0.0052 ppm, it appears that further 
evaluation of this constituent with regard to its flux and potential impact to the Willamette 
River will be necessary. 
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Arsenic, chromium, copper, lead, nickel, and zinc concentrations above the screening 
criteria have been identified in groundwater at the Gasco site. Arsenic, chromium, copper, 
lead, nickel and zinc have been found to occur at the site. No other of the Priority Pollutant 
metals have been identified in groundwater at the site at concentrations in excess of the 
screening criteria. It should be noted that some of the screening criteria are well below 
analytical method detection limits. 

Arsenic has been identified at the Gasco site at concentrations in excess of the A WQC 
screening level of 0.000017 ppm and EPA PRG of 0.00004 ppm at numerous well locations, 
both within the Surficial Fill WBZ and within the Alluvial Sand WBZ. Dissolved arsenic 
data are not available for groundwater at the Gasco site other than one sample with the 
maximum total arsenic concentration identified in groundwater at the site (0.058 ppm 
within Surficial Fill WBZ well MW-10-25, as sampled in February 1997), where 0.052 ppm 
of dissolved arsenic was detected. This information suggests that most of the arsenic is in 
the dissolved state, at least at the MW-IO location. 

With respect to chromium, concentrations of total chromium slightly elevated above the 
AWQC screening levels (0.011 ppm for hexavalent chromium and 0.210 ppm for trivalent 
chromium) have been identified at numerous well locations, with the greatest dissolved 
concentrations (0.23 ppm) being identified within the Surficial Fill WBZ at the well MW-
10-25 location, the only location where dissolved concentrations have exceeded the MCL or 
PRG for this constituent. 

Copper has been identified at the Gasco site at concentrations in excess of the A WQC 
screening level of 0.012 ppm at 6 well locations, both within the Surficial Fill WBZ and 
within the Alluvial Sand WBZ. Copper has not been identified in groundwater at any 
location in excess of MCLs or PRGs. Dissolved copper data are not available for 
groundwater at the Gasco site; however, the maximum total copper concentration identified . 
in groundwater at the site was 0.41 ppm within Surficial Fill WBZ well MW-3-26, as 
sampled in October 1996. 

Total lead has been identified within groundwater at 6 well locations at concentrations in 
excess of the screening criteria. It is noted that dissolved lead was not identified at 
concentrations above method detection limits at locations where filtered samples were 
collected, suggesting that the lead is sorbed onto soils and that transport, if any, would be 
limited to advection via colloidal particles. The maximum detected concentration of lead 
at the site was 0.099 ppm at well MW-3-26, as sampled in August 1997. 

With respect to nickel, elevated concentrations of this constituent, relative to MCLs and 
AWQC have been identified at Surficial Fill WBZ wells MW-3-26 and MW-10-25, with 
maximum detected dissolved concentrations of 0.40 ppm and 0.53 ppm, respectively. 
Dissolved nickel concentrations in excess of screening values have not been identified at 
other well locations at the site. 
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Zinc has been identified at the Gasco site at concentrations in excess of the A WQC 
screening level of 0.110 ppm at numerous well locations, primarily within the Surficial 
Fill WBZ. Zinc has not been identified in groundwater at any location in excess of MCLs 
or PRGs. Dissolved zinc data are not available for groundwater at the Gasco site. The 
maximum total zinc concentration identified in groundwater at the site was 3.0 ppm 
within Surficial Fill WBZ well MW-10-25, as sampled in August 1997. 

In summary, arsenic, chromium, copper, lead, nickel, and zinc concentrations elevated 
above the screening criteria have been identified in groundwater at the site. An evaluation 
of the identified metals with regard to flux into, and potential impact to, the Willamette 
River, will be conducted. Because metals are naturally occurring in the environment, an 
evaluation with respect to natural background water quality will be conducted, if metals 
issues remain at the site subsequent to the completion of the flux evaluation. 

6.5 On-Site Surface Water and Sediment Impacts 

On-site surface water and sediment sampling activities were conducted at the Gasco site 
on January 30, 1996. These activities involved the collection of surface water samples at 
two locations within the on-site drainage ditch, as well as within each of the three on-site 
ponds. Additionally, a shallow sediment sample was collected from each of the three on
site ponds. A figure depicting sample locations and tables summarizing the results of these 
activities have been included within Appendix 1. 

Results of the surface water sampling indicate PAR and BTEX compounds were present in 
the pond water and the water that was flowing within the drainage ditch. As the outfall 
from the on-site ponds to the drainage ditch has been sealed, the source of the water located 
within the ditch would have been one or more of the following: 1) stormwater runoff from 
the site; 2) LNG plant process cooling water; and 3) stormwater/groundwater removed by 
PNO from their tank farm containment basins. As there are no influents into the on-site 
ponds, and these ponds have been observed to only contain water during the rainy season, 
the water within these ponds would have been storm water runoff. 

With regard to the PARs identified within the surface water samples, it is noted that PAH 
concentrations within all water samples were relatively uniform, with total 
concentrations ranging from 4.7 ppb to 23.7 ppb, while total PAR concentrations in 
sediments at the surface water sampling locations (ponds only) were found to range from 
1,935 ppm to 21,665 ppm. Based on the large differential between PAH concentrations 
found in sediment and those found in surface water, and the relatively low concentrations 
identified in surface water, it appears that due to their relatively low aqueous solubilities 
and high partitioning coefficients, the PARs will tend to remain within the sorbed phase in 
sediments and will not readily transfer to the dissolved phase in surface water. The 
identified sediment concentrations for PAHs exceed sediment screening levels provided 
within COE Draft Dredged Material Evaluation Framework, Lower Columbia River 
Management Area, April 1998. 
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Although benzene was not identified in any of the on-site sediment samples collected 
during the referenced investigatory activities, benzene was identified in surface water 
samples collected from the on-site ponds at concentrations ranging from 0.92 ppb to 3.1 ppb, 
while benzene was identified within the drainage ditch at concentrations of 110 ppb near 
the head of the ditch, and at 6.2 ppb near the outfall of the ditch. The benzene concentration 
identified near the outfall of the ditch does not exceed A WQC for protection of aquatic life or 
fish consumption. 

6.6 Willamette River and Sediment Impacts 

With regard to sediment-related investigatory activities conducted in the vicinity of the 
Gasco site, the following data are available: 1) data collected by Northwest Natural as part 
of 1996 RI activities; 2) data collected as part of the 1997 EPA Site Inspection of a six-mile 
reach of the Willamette River (Weston, 1998),3) data collected as part of the 1997 COE 
dredging material evaluation program (COE, 1998), and 4) data collected as part of COE 
sediment evaluations conducted at the U.S. Moorings Station, located immediately down
river of the Gasco site (Britton, 1990; Siipola and Britton 1994). All data point locations 
within the vicinity of the Gasco site (River Mile 6.0 to 7.0) are provided on Figures J-1 and 
J-2. It is noted that due to the close spacing of samples collected at the U.S. Moorings 
Station, it was not possible to depict these locations on the referenced figure. Instead, 
Figure J-3 provides a COE map that depicts the U.S. Moorings sediment sampling 
locations. 

Figure J-4 provides a bar chart depicting total PAR concentrations for sediment data 
(Northwest Natural, EPA, and 1998 COE data), posted in relative sampling order from up
stream to down-stream across the Gasco site. Again, due to the large number of sampling 
points over a relatively small area, the COE U.S. Moorings data was not included on the 
referenced chart. A summary of sediment data collected by Northwest Natural is provided 
in Table J-l.A summary of all available sediment PAR data for river miles 6.0 to 7.0 
(Northwest Natural, EPA, and all COE data) is provided in Table J-2. Sediment core logs 
depicting lithologic and contaminant conditions at borings installed as part of Northwest· 
Natural's RI program are provided within Appendix C. 

Sediment boring logs indicate that solid to semi-solid tar is present within the river 
sediments at locations adjacent to the former Tar Pond and former drainage ditch 
discharge areas, with field evidence (i.e., sheen and/or odor) of petroleum hydrocarbon 
impacts at other sampling locations adjacent to the site. Tar was found to be present within 
sediments both at the riverbed surface (SD-7) and extending to depths of at least 8 feet below 
the riverbed surface (SD-8). It is suspected that this tar is depositional in nature, that is, it 
was deposited as discharges from the Gasco site during manufactured gas plant 
operations, as opposed to migrating to the sediments via the subsurface soils. 

In general, total PAR concentrations in surface sediments between river mile 6.0 and 7.0 
were found to be the greatest at locations adjacent to the central portion of the Gasco site 
near the discharge point of the former drainage ditch, with impacts found to extend towards 
the center of the river at least as far as the main shipping channel (approximately 750 feet 
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from the shoreline), as observed at the WR-BC-22 sampling location. Specifically, total 
PAH concentrations in surface sediments adjacent to the Gasco site were found to range 
from 85 ppm at the SD-063 location, to 26,408 ppm at the SD-710cation (corresponding to a 
zone of tarry gravel), with a concentration of 1,418 ppm being identified at theWR-BC-22 
location in the main shipping channel. Total PAH concentrations in sediments collected 
from depths ofless than 6.5 feet at the U.S. Moorings Station, located immediately down
river of the Gasco site, were found to range from 89 to 142 ppm in 1989 (Britton, 1990), while 
total PAR concentrations in surface sediments were found to range from 8 to 59 ppm in 1994 
(Siipola and Britton, 1994). 

As depicted on Figure J-4, total PAR concentrations in sediment samples collected at 
upstream and downstream locations show a marked decline relative to those collected 
adjacent to the Gasco site. Also, sediment samples collected on the opposite side of the river 
from the Gasco site did not result in the identification of significant PAR impacts. 

Vertically, as identified at the SD-8 boring location, elevated PAR concentrations were 
found to extend at least to 9 feet below the river bed surface, with tar being found at that 
location to a depth of 8 feet bgs. 

With regard to the presence of tar within the river sediments adjacent to the Gasco site, it is 
known that discharges of waste waters to the river from manufactured gas plant operations 
and the Tar Ponds occurred via the former drainage feature during the operation of the 
manufactured gas plant at the site, and that such discharges may account for the presence 
of these tars. The tar identified in soil borings installed adjacent to the river (B-29, B-31) 
would not be expected to migrate to the river sediments due to the overall high viscosity/low 
mobility of this material. 

As identified during monthly shoreline inspections conducted at the Gasco facility, an 
area of hardened tar balls, some with a viscous center, exists along the Gasco shoreline at a 
location downstream from the former drainage ditch. The zone of tar ball accumulation 
has been found to dissipate before the downstream property line is reached. The presence of 
these tar balls is indicative that tar is present within the river sediments, but that the tar, in 
hardened form, has not been significantly transported down-stream by river current. 

With regard to oil tar, it is noted that a description matching that of oil tar was provided for 
shallow river sediments (upper 17 inches) at a location adjacent to the former Tar Ponds in 
sediment sample SD-067, collected as part of the EPA Portland Harbor Sediment Study 
Investigation (EPA, 1998). It is unclear whether the oil tar at this location is present as a 
result of former surface discharges to the river, is a result of separation from the tar known 
to be present within the river, or is actively being sourced from the upland portion of the 
Gasco site. 

With regard to the ongoing upland source potential, sufficient data to resolve this issue 
with respect to the former Tar Pond area should exist once the proposed deep Alluvial Sand 
WBZ wells to be installed between the former Tar Ponds and the river are constructed 
(HAl, 1998a). Also, additional evaluation with regard to the oil tars identified at the B-29 
boring location, within the former low-lying area adjacent to the former drainage ditch, 
appears necessary in order to completely evaluate the potential for an ongoing upland 
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source of oil tar into the river. Finally, it is noted that additional evaluation with regard to 
the extent, transport, and toxicity of impacted sediments adjacent to the Gasco site is 
necessary. 

With regard to site impacts to surface water in the Willamette River, although surface 
water samples have not been collected from the river, it will be possible to ascertain 
potential impacts to the river from the site by evaluating the predicted flux of contaminated 
groundwater to the adjacent river, as well as by direct analysis of the river water and 
sediment porewater. An evaluation of flux to the river will be conducted subsequent to the 
installation of the proposed deep Alluvial Sand WBZ wells at this portion of the site (HAl, 
1998a), which will provide necessary information regarding the vertical extent of 
groundwater impacts. 

6.7 Air Impacts 

Sampling for airborne contaminants at the Gasco site has been conducted for chemical 
exposure monitoring during implementation of the early stages of RI investigatory 
activities, as well as for ambient air quality monitoring. The objective of the chemical 
exposure monitoring was to ensure an adequate level of respiratory protection during the 
investigatory activities. The objective of the ambient air monitoring was to provide a 
general assessment of ambient air quality at a location downwind from the LNG 
containment basin, the Koppers lease area, and the former Tar Pond area. All monitoring 
activities were conducted by Paul Carlson Associates, Inc. (PCA), a firm specializing in 
industrial hygiene issues and air monitoring. 

With regard to the chemical exposure monitoring, representative breathing zone 
concentrations of PAHs, BTEX, metals, cyanide, and total particulate were measured 
during soil boring installation activities carried out at the Former Light Oil Plant 
(borings B-18 and B-19), the Former Koppers Land Treatment Area (B-27), and the Former 
Spent Oxide Storage Area <B-1, B-2, and B-3). Results of the monitoring indicated the 
presence of PARs, BTEX, and the metal titanium in certain of the air samples, with no ' .. 
other metals or cyanide being identified in the air samples. Concentrations of the 
identified constituents all fell below the Oregon Occupational Safety & Health 
Administration (OR-OSHA) Permissible Exposure Limits (PELs), designed to ensure the 
health of employees. The air monitoring data, and the summary report prepared by PCA, 
is included within Appendix K. Figure K-l depicts the location of the air monitoring 
station. 

With regard to the ambient air monitoring, this monitoring was conducted with a pump 
sampler over a period of approximately 6 hours on February 27, 1996 at the downwind 
(north) side of the LNG containment basin. The air sample was analyzed for the presence 
of particulates, PARs, and BTEX constituents. Results of the monitoring event indicated 
that particulates (i.e., dust), P AHs, and BTEX constituents were all non-detect during the 
period of the referenced event. The air monitoring data and the summary report prepared 
by PCA are included within Appendix K. 
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In addition to the above described air monitoring activities, two samples of accumulated 
dust were collected from the site (Figure K-1). Specifically, one dust sample was collected 
from within the fire hose containment box located within the Northwest Natural LNG 
process area (near well MW-9), and one dust sample was collected from within the fire 
hose box located directly adjacent to the vehicle exit doorway to the Koppers pencil pitch 
warehouse. The doors on both fire hose boxes had been ajar, allowing dust to accumulate on 
the shelving within. The timing of the dust accumulation (Le., deposition caused by 
certain climatic conditions and / or site operations) is unknown. 

Based on the proximity to the pencil pitch warehouse, the presence of pencil pitch on the 
ground in the vicinity of the fire hose box, and the black nature of the dust sample, it 
appeared that the dust sample collected adjacent to the Koppers pencil pitch warehouse was 
very likely pencil pitch dust derived from the Koppers warehouse operations. The dust 
sample collected in the Northwest Natural LNG process area did not have the appearance of 
pencil pitch. Both dust samples were analyzed for PAHs. 

Results of the dust sample analyses indicate the presence of3S1 ppm total PARs within the 
dust sample collected from the LNG process area fire hose box, while 26,919 ppm totalPAHs 
were identified within the sample of pencil pitch dust collected adjacent to the Koppers 
pencil pitch storage warehouse. A comparison of individual PAH fractions to the total 
PAH concentration was conducted for both of the dust samples. The comparison indicates 
a very close match exists between the ratio of individual P AHs to the total PARs between the 
two samples, suggesting a common source. In this case, the source appears to be the Koppers 
pencil pitch storage warehouse. Laboratory sheets for the two dust samples, as well as a 
chart comparing the PAH ratios between the two samples, are provided within Appendix K, 
with additional discussion of PAR mixes provided within Appendix 1 (Decision 
Management Associates Report). 

6.8 Contaminants of Concern 

6.8.1 Soil 

As summarized on the data tables provided in Appendix G, based on investigatory 
activities conducted at the site to date, PAHs, benzene, toluene, ethylbenzene, and arsenic 
have been detected in soils at the site at concentrations exceeding screening criteria. 
Specifically, PAHs and BTEX concentrations have been found to exceed DEQ Cleanup 
Levels as identified in the ODEQ Soil Cleanup Table (OAR 340-122-045) and/or Region IX 
PRGs, while arsenic concentrations exceed DEQ Industrial Maximum Allowable Soil 
Concentrations (OAR 340-122-045). 

Pentachlorophenol, cyanide, and the metals antimony, cadmium, chromium, copper, lead, 
nickel, thallium, and zinc have all been identified in soil samples collected at the site, but 
none of these constituents were identified at concentrations exceeding EPA Region 9 
PRGs, DEQ Soil Cleanup Levels, and/or DEQ Industrial Maximum Allowable Soil 
Concentrations, where established. 
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With regard to amenable cyanide, because the amenable cyanide concentration cannot 
exceed the total cyanide concentration, and because the maximum identified total cyanide 
concentration in soil (518 ppm) is well below the 13,628 ppm EPA Region 9 PRG for 
amenable cyanide, it does not appear that amenable cyanide is a concern with respect to 
soil quality at the site. However, the soil leaching to groundwater pathway may need 
further evaluation for cyanide. 

Based on the results of the RI activities conducted at the Gasco site to date, the contaminants 
of concern with respect to soil impacts at the site appear to be limited to the following: 

• PARs 

• Volatile aromatic hydrocarbons (benzene, toluene, ethylbenzene) 

• Arsenic 

• Cyanide 

6.8.2 Groundwater 

As summarized on the data tables provided in Appendix H, with respect to groundwater 
quality, PARs, BTEX compounds, 2,4-dimethylphenol, total cresols (2-, 3-, and 4-
methylphenol), styrene, tetrachloroethene, arsenic, chromium, copper, lead, nickel, zinc, 
and cyanide, have all been detected at concentrations exceeding one or more of the 
following screening criteria: EPA MCLs established for drinking water, EPA Region 9 
PRGs for tap water, and/or the federal A WQC established under the Clean Water Act for 
the protection of aquatic life and human health. The A WQC were included herein as a 
screen for identifying contaminants of concern within groundwater since contaminated 
groundwater at the site does discharge to the Willamette River, where the AWQC may be 
applicable. 

With regard to 2,4-dimethylphenol and total cresols, it is noted that these constituents have 
been identified at concentrations in excess of the screening criteria at two well locations 
(i.e., wells MW-10-25 and MW-1l-32), both of which are DNAPL-containing wells. 
Concentrations of these constituents have not been identified above the screening criteria 
at down-gradient well MW-4-57, the most highly contaminated well located adjacent to the 
river. As such, it does not appear that these constituents are mobile within the subsurface. 
Based on the preceding, and assuming that the use of groundwater at the site for a drinking 
water source would not be a potential beneficial use, then it does not appear that a receptor 
would exist for the phenol impacted groundwater, and as such, 2-4-dimethylphenol and 
total cresols do not appear to pose a concern with regard to groundwater quality at the site. 
All other phenols were identified at concentrations below the referenced screening 
criteria. 

With regard to styrene, this constituent has been identified at the MW-12-36 well location 
at a maximum concentration of 170 ppb, with styrene having never been identified at 
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locations down-gradient from well MW-12 (Le., wells MW-4-56, MW-5-32, MW-8-56, or 
MW-1l-32). The drinking water MCL for styrene is 100 ppb, while the tap water PRG for 
this constituent is 1,641 ppb. No AWQC for this constituent has been developed. The lack of 
styrene detections down-gradient of well MW-12 indicates that this constituent does not 
appear to be migrating towards the river. Based on the preceding, and assuming that the 
use of groundwater at the site for a drinking water source would not be a potential 
beneficial use, then it does not appear that a receptor would exist for the styrene impacted 
groundwater, and as such, styrene does not appear to pose a concern with regard to 
groundwater quality at the site. 

With regard to tetrachloroethene (PCE), this constituent was identified at the MW-1l-32 
well location in March 1996 at an estimated concentration of2.2 ppb, below the 5 ppb MCL 
and 9 ppb A WQC screening values, but slightly above the 1.08 PRG for this constituent. 
Due to the low concentration identified, the lack of subsequent detections at the MW-ll 
location, as well as a lack of detection at the up-gradient and down-gradient well locations, 
it does not appear that PCE poses a concern with regard to groundwater quality at the Gasco 
site. 

Based on the results of the RI activities conducted at the Gasco site to date, the contaminants 
of concern with respect to groundwater impacts at the site appear to be limited to the 
following: 

• PAHs 

• Volatile aromatic hydrocarbons (benzene, toluene, ethylbenzene, and xylenes) 

• Cyanide 

• Arsenic 

• Chromium 

• Copper 

• Lead 

• Nickel 

• Zinc 
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The purpose of the data presentation and evaluation presented herein has been to provide a 
summary and analysis of existing data collected as part of Phase I RI activities at the 
Gasca site to assist in the understanding of the site, and to guide decisions regarding 
additional data acquisition. The conclusions presented below are based on the analysis of 
data presented herein. 

7.1 Hvdrogeolo!!1cal Conditions 

• Groundwater occurs in three principal hydrologic zones at the site including the 
unconfined Surficial Fill WBZ, the semi-confined Alluvial Sand WBZ, and confined 
bedrock aquifers in the Columbia River Basalts. 

• A silt unit, correlating to the depth of pre-fill ground surface elevations, separates the 
Surficial Fill WBZ from the Alluvial Sand WBZ across a majority of the site. A 
northwest-southeast trending depression in the surface of the silt unit exists across the 
center of the site, correlating with the location of a pre-fill creek bed. 

• Groundwater within the Surficial Fill WBZ and the Alluvial Sand WBZ appears to be 
hydraulically connected to the Willamette River, with groundwater flow beneath the 
site being to the northeast towards, and discharging to, the river. 

• A downward vertical hydraulic gradient between the Surficial Fill and the Alluvial 
Sand WBZ predominates, with reversals being identified at certain locations during 
times of high river stage. 

9 Depth to bedrock across the site is estimated to range from 36 feet bgs at the southwestern 
portion of the site near NW. St. Helens Road, to more than 250 feet bgs at the . ~ 

southeastern portion of the site adjacent to the Willamette River. 

7.2 Nature. Extent. and Transport of Contamination 

Soil, sediment, and groundwater contamination has been found to be associated with the 
presence of residual manufactured gas plant wastes at the property, primarily tar and oil 
tar (PAHs and BTEX), and spent oxide materials (metals and cyanide). 

7.2.1 Residual Tar, Oil Tar, and DNAPL 

• Tar has been found to be primarily restricted to the southeastern portion of the site at the 
former Tar Pond area and the location of a former drainage feature, areas where tar
bearing wastes were discharged and/or mixed with fill. 
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• Residual oil tar has been identified throughout the southern, southeastern and west
central portions of the site, likely sourced from the former Light Oil Plant, former 
Retort area, former Tar Ponds, and a former drainage feature. 

• The silt unit has likely prevented oil tar impacts derived from the Light Oil 
PlantlRetort Area from migrating vertically into the underlying Alluvial Sand WBZ, 
with oil tar having migrated from these areas via gravity along the surface of the 
northeast sloping silt unit. The northwest - southeast trending depression in the 
surface of the silt unit has acted as a barrier to the lateral migration of the mobile oil tar 
product to the northeast and towards the Willamette River. 

• Oil tar has been found to extend through the silt unit and into the upper portions of the 
Alluvial Sand WBZ at several locations within the southeastern portion of the site 
(former Tar Ponds), correlating to areas with the greatest accumulations of tar. 

• Oil tar was found within the Alluvial Sand WBZ within the former drainage feature, 
the only location where oil tar is found adjacent to the Willamette River. 

• Soil boring data indicates that the lateral and vertical extent of tar and oil tar have been 
generally defined across the site. Laterally, tar and oil tar may likely extend across 
the southeastern property boundary, where placement of these materials as fill may 
have occurred. 

• Three areas of free product DNAPL (oil tar) have been identified within the Surficial 
Fill WBZ at the site. Two areas ofDNAPL occurrence are located on top of the silt at 
areas where the silt surface is depressed. The third is located up-slope of the 
depression, but down-slope of the identified oil tar source area. 

7.2.2 Soil Quality Impacts 

10 Based on the evaluation conducted to date, constituents of concern with regard to soils at 
the site are PAHs, benzene, toluene, ethylbenzene, and arsenic. 

• BTEX and PAR concentrations above EPA Region 9 PRGs are found in the zones of tar 
and oil tar contamination. 

• The vertical extent of BTEX and PAR contamination within soil has been well defined 
at most soil boring locations, with the most significant impacts being restricted to the 
surficial fill unit, except in the former Tar Pond area, where contaminants have 
extended into the alluvial sand unit. 

• Cyanide was identified in soils throughout the site, likely as the result of spent oxide 
materials within fill materials. The maximum total cyanide deteCtion in soil was 518 
ppm, well below the 13,628 ppm EPA Region 9 PRG for free cyanide in industrial soils. 
However, cyanide in soil may be an issue at the site with regard to leaching to 
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groundwater, should it be determined that an unsatisfactory risk with regard to 
groundwater concentrations exists. 

• Elevated concentrations of arsenic, relative to screening levels and to soils from other 
portions of the site, were identified within the former Spent Oxide Storage Area. 

Statistical evaluation of the data, as conducted by Decision Management Associates LLC 
developed the following conclusions with respect to soil quality at the site: 

• Data visualization and analysis show substantial small-scale variability 
superimposed on site-scale trends, with the variability consistent with flll placement, 
mixing, and preferential transport of contaminants. 

• The primary site-scale trend for PARs is for greater contamination towards the 
southeastern corner of the site. 

• Significant differences in concentrations and variability exist by area and depth. 

• PAR concentrations are related to field evidence of contamination (odor, sheen, 
presence of product), with a lesser relationship being identified with benzene. 

• For Risk Assessment purposes, since surface samples were collected randomly this 
data may be used directly, while sub-surface samples were collected in part based on 
soil appearance, and are therefore biased. However, the bias in the sampling was 
found to: 1) increase representation of high-concentration PAH samples by about 25%, 
and 2) has no measurable impact on benzene values. 

7.2.3 Groundwater Impacts 

• Groundwater contamination, primarily PAH, BTEX, and cyanide related, has been 
identified within both the Surficial Fill WBZ and the Alluvial Sand WBZ. 

• The former Light Oil Plant is the likely source for the bulk of the BTEX groundwater 
contaminant plume at Gasco, with the residual oil tar at the site being a secondary, and 
ongoing, source for the BTEX contamination present in groundwater. 

• Oil tar and tar-saturated soils appear to be the source of the P AH impacts to 
groundwater at the site. 

• With regard to the Surficial Fill WBZ, both the BTEX and P AH groundwater 
contaminant plumes tend to be primarily restricted to the portion of the site where 
residual tar or oil tar contamination has been identified, with concentrations 
attenuating rapidly down-gradient of these areas. However, the vertical extent of 
BTEX and P AH groundwater contamination down-gradient of the former Tar Ponds 
has not been defined. 
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• With regard to the Alluvial Sand WBZ, it has been found that the BTEX and P AH 
contaminant plume is primarily restricted to the eastern portion of the site, within and 
down-gradient of the former Tar Ponds. 

• Areas of metals concentrations elevated above screening criteria have been identified 
in groundwater at the site. Specifically, arsenic, chromium, copper, lead, nickel and 
zinc have been found at concentrations above AWQC, a potential concern because of 
discharge to the Willamette River. 

7.2.4 On-Site Surface Water Impacts 

• Results of surface water sampling of the on-site pond water and within the water that 
was flowing within the on-site drainage ditch indicates that only benzene, at the head 
of the ditch, was found to exceed screening criteria (A WQC). The benzene 
concentration identified near the outfall of the ditch does not exceed A WQC for 
protection of aquatic life or fish consumption. 

7.2.5 Sediment Impacts 

• Sampling activities identified the presence of solid to semi-solid tar within Willamette 
River sediments at locations adjacent to the former Tar Pond and former drainage 
ditch discharge areas, with field evidence of petroleum hydrocarbon impacts at other 
sampling locations adjacent to the site. Tar was found to be present within sediments 
at the riverbed surface, extending to depths of at least 8 feet below the riverbed surface at 
one location. 

• It is suspected that the tar identified in the sediments adjacent to the Gasco site is 
depositional in nature, having been deposited as discharges from the Gasca site during 
manufactured gas plant operations. 

. " 
• An area of hardened tar balls exists along the Gasco shoreline at a location 

downstream from the former drainage ditch. The zone of tar ball accumulation has 
been found to dissipate before the downstream property line is reached. The presence of 
these tar balls is indicative that tar is present within the river sediments, but that the 
tar, in hardened form, has not been significantly transported down-stream by river 
current. 

• Total PAR concentrations in surface sediments in the vicinity of Gasco were found to 
be the greatest at locations adjacent to the central portion of the site near the discharge 
point of the former drainage ditch, with impacts found to extend towards the center of 
the river at least as far as the main shipping channel (approximately 750 feet from the 
shoreline). 

• Total PAR concentrations in surface sediments adjacent to the Gasco site were found to 
range from 85 ppm to 26,408 ppm (corresponding to a zone oftarry gravel), with a 
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concentration of 1,418 ppm being identified within the main shipping channel. Total 
PAR concentrations in sediment samples collected at upstream and downstream 
locations show a marked decline relative to those collected adjacent to the Gasca site. 

• PARs were identified within sediment samples collected from the three on-site ponds 
located at the southeastern portion of the site, with concentrations ranging from 1,935 
ppm too 21,665 ppm being identified. 

7.2.6 Air Quality 

• Breathing zone monitoring conducted during drilling activities at the site indicated 
the presence of PARs, BTEX, and the metal titanium in certain of the air samples. 
Concentrations of the identified constituents all fell below limits designed to ensure the 
health of employees. 

• Ambient air monitoring conducted downwind of the LNG containment basin indicated 
that PARs and BTEX constituents were all non-detect during the period of the 
referenced event. 

• Analysis and evaluation two dust samples at the site indicate that Koppers pencil pitch 
may be a contributing factor with regard to PARs identified in surface soils at the site. 

7.3 Existing Data Needs 

Based on the findings of RI activities conducted at the site to date, as evaluated herein, the 
following data needs have been identified such that the objectives of the RI may be 
satisfied: 

7.3.1 Risk Assessment Data Needs 

• Statistical data evaluation indicates a need for the collection of ten additional surface 
soil samples at the site, primarily within the northwest (former office area), and 
northeast (PNO lease area) portions of the site. 

• Statistical data evaluation indicates a need for the collection of seven shallow «15 feet) 
soil samples at the site. 
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• The vertical extent of groundwater contamination at the site is not defined. The 
installation of three deep (up to 160 feet bgs) Alluvial Sand WBZ wells, two down
gradient of the former Tar Ponds, and one down-gradient of the former Light Oil Plant 
area, have been proposed to satisfy this data need (HAl, 1998a). 

• Verification should be obtained that the vertical extent of DNAPL (oil tar) migration 
has been adequately defined at the site. The installation of the referenced deep 
Alluvial Sand WBZ wells to be installed down-gradient of the former Tar Ponds, and 
the deep well to be installed down-gradient of the former Light Oil Plant have been 
proposed to satisfy this data need (HAl, 1998a). 

• Conclusions with regard to the active migration of DNAPL to the Willamette River 
within the area of the former Tar Ponds and the former drainage feature (B-29 boring) 
are necessary. The two deep Alluvial Sand WBZ wells to be installed down-gradient of 
the former Tar Ponds will satisfy this data need with respect to former Tar Pond 
portion of the site. Additional evaluation appears necessary to satisfy the data need 
with respect to the B-29/former drainage feature area. 

• The lateral extent of on-site groundwater contamination should be defined. The 
installation of an intermediate-depth (65 feet bgs) monitoring well to be installed 
within the PNO area at the northeastern portion of the site, and depth-discrete 
groundwater data to be collected from temporary well points installed at the eastern 
corner of the site (MW-5 location) will satisfy this data need (HAl, 1998a). 

• The on-site lateral extent of residual tar and oil tar in soil should be defined to the 
northeast of the LNG containment basin. 

• An evaluation of the physical and chemical make-up of the free product DNAPL (oil 
tar) should be conducted to assist in the feasibility study and to assess contaminant 
transport issues. Additionally, the recoverability of DNAPL from wells at the site 
should be evaluated. Activities necessary to satisfy these data needs have been 
proposed (HAl, 1998b). 

• Additional evaluation with regard to the extent of contamination in Willamette River 
sediments is necessary. Such an evaluation may include toxicological studies, 
porewater and sediment sampling activities, as well as an evaluation of river 
dynamics with regard to contaminant transport. 

• An evaluation of contaminated groundwater flux to the Willamette River should be 
conducted following the completion of groundwater quality-related data gaps described 
herein. 
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The samples discussed in this report were collected, analyzed, and interpreted following 
the standards of care, skill, and diligence ordinarily provided by a professional in the 
performance of similar services as of the time the services were performed. This report 
and the conclusions and/or recommendations contained in it are based solely upon 
physical sampling and analytical activities that were conducted at the Client's request. 
The data presented in this report document only the concentrations of the target analytes in 
the particular sample and not the property as a whole. 

(HAl 10195) 
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10. GLOSSARY OF ABBREVIATIONS 

A WQC Ambient Water Quality Criteria 

bgs below ground surface 

BTEX benzene, toluene, ethylbenzene, and xylenes 

DEQ Oregon Department of Environmental Quality 

DNAPL dense non-aqueous phase liquid 

EM electromagnetic 

EPA U.S. Environmental Protection Agency 

gpm gallon per minute 

G PR ground penetrating radar 

HAl Hahn and Associates, Inc. 

HVOCs halogenated volatile organic compounds 

LNG liquefied natural gas 

MCL Maximum Contaminant Level 

m s 1 mean sea level 

OAR Oregon Administrative Rule 

OR-OSHA Oregon Occupational Safety and Health Agency 

P AHs polynuclear aromatic hydrocarbons 

PCA Paul Carlson Associates, Inc. 

PEL permissible exposure level 

PNO Pacific Northern Oil 

PIX> parts per billion 

ppm parts per million 

PRGs Preliminary Remediation Goals 

PFh parts per billion 

RI remedial investigation 

SI Site Inspection 

WBZ water-bearing zone 
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Any questions regarding the information presented in this report are welcome and should 
be referred to the undersigned. Thank you for the opportunity to be of service to' Northwest 
Natural in this manner. 

Hahn and Associates, Inc. 

Prepared by: Reviewed by: 

12(k!~ 
U 

Robert B. Ede, R.G. Roger E. Brown, R.G. 

Sr. Project Manager Principal 

Date_-I-(c~C::r-1-,1-f-/-'Z''-~':'"'' ___ _ 
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Preliminary Analysis of Soil Contamination Data 
Northwest'Natural - Gasco Facility 

October 9, 1998 

1. Introduction 

The purpose of this section is to further our understanding of site contamination by plotting and 
analyzing soil data and descriptions, The goals are to get a better idea of contaminant location, how 
reliably we can predict exposures that may lead to risk, and what additional data will be most helpful. 

The Data Package (1996) includes both qualitative and quantitative information, Qualitative 
information includes soil boring logs and cross sections (Data Package Appendices A, Band L) that 
are helpful in understanding the distribution of contaminants. The RI Summary Report uses such 
qualitative information and rough ranges of concentrations to provide insights and estimated 
boundaries and contours of product locations. 

In this appendix we focus on the quantitative contamination data, that is the roughly 5,000 data 
values collected at about 165 locations and depths. The plots and analyses in this appendix are 
intended to provide a variety of windows into the data to help detect and understand patterns and 
trends. Specifically, we: 

1. Evaluate sampling, duplicate results, and mixes of PAH compounds. 

2. Plot concentrations in 3-d scatter plots, histograms, and other plots to help see the spatial 
distribution of samples with elevated concentrations. 

3. Consider statistical evidence for and against breaking the site into areas based on surface 
location and on depth. Depths considered are "surface" (0-0.2 feet), "shallow" (0.2-15 feet), 
and "deep" (> 15 feet). 

4. Consider how concentrations are related to soil odor, sheen, and the presence of product. 

5. Provide examples of how concentration probability distributions can be constructed from site 
data for risk analyses. 

6. Summarize findings. 

We consider the contaminants: 

Carcinogenic PAHs (CPAHs) 
Total P AHs (TP AHs) 
Benzene 
Arsenic 

Generally broken down into the following 3 depths: 

• Surface (up to 0.2 feet deep; potential source of dust, exposure during surface activities) 
• Shallow (between 0.2 and 15 feet; likely to include soil encountered during future trenching and 

sub-surface work at site) 
• Deep (greater than 15 feet; important to understanding site and to groundwater, but not as 

direct exposure pathway) 

CPAHs and benzene are expected to be leading sources of risk among chemicals identified at the site. 
Total PAHs were considered due to correlation with CPAHs. PAHs are of interest since they are 
present site wide. Benzene is evaluated since it is the most toxic and prevalent of the BTEX 
(benzene, toluene, ethylbenzene and xylene) compounds at the site. 

Helpful comments to drafts of this memorandum were provided by David Ruppert, Professor of Statistical Science, 
Cornell University; Rob Ede, Hahn and Associates; and Steve Sonnen, Montgomery and Watson. 

3 Decision Management Associates, LLC. 
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Preliminary Analysis of Soil Contamination Data 
Nonhwest Natural - Gasco Facility 

2. Sampling And Data 

2.1. Data 

October 9. 1998 

The data for this analysis were taken from the Data Package (Hahn, 1996), from samples taken at 
monitoring well 13 (MW-13), and from the four geotechnical borings taken near the river in the area of 
B-8 (GT-l, GT-2, GT-3, GT-4). The preceding represents all available soil quality data for the site (see 
Data Summary document to which this is attached). 

2.2. Sampling Strategy 

Surface sampling was done essentially at random to roughly cover the site. Thus evaluation of surface 
samples as random samples is valid for the purposes of statistical analysis. 

Sub-surface sampling locations, however, were selected to (1) investigate areas in which historic 
operations were thought to create contamination potential, and (2) to roughly cover the site. The first 
of these goals creates a non-random sampling strategy, due to targeting of expected sources. The 
second introduces a random-grid element into the locations across the site. The laboratory analyses run 
on samples were generally not selected based on sample appearance, so this did not introduce bias. 

Another source of bias in sub-surface samples is that samples were taken in pan based on soil 
appearance and apparent contamination. Typically, samples were taken above, in, and below what 
appeared to be contaminated soils. At monitoring wells, samples were primarily guided by identifying 
the lower limits of contamination. See the Final Work Plan, August 4, 1995, for a funher description of 
sampling activities. Such potentially biased data is useful for characterizing contamination, but must be 
used with caution for statistical analysis (e.g., see Section 1.3, EPA, 1996). 

To investigate this bias we consider the relationship between soil appearance and contaminant 
concentrations later in this document. We find that sub-surface PAH concentrations are modestly biased 
upward by use of visual inspection, but benzene concentrations are probably not significantly biased. 

2.3. Duplicates 

Figure 1 shows the ratios of concentrations found in duplicates. If samples were uniform and tests were 
perfect, all values would be 1.0. In fact, for those duplicates in which significant concentrations of 
contaminants were found the two duplicates have rather different results, with most varying by abou~ . 
50%, and sample B-OI varying by a factor of 4. Since the PAHs in these samples were fairly low 
(about 10 ppm) the differences are large percentages but low quantities. Ranges in precision for PAH 
analyses in a range from 30-150% oftrue values, depending on the constituent, are considered 
acceptable by lab QA/QC standards. Lab QA/QC tests indicated that they were operating within these 
standards. Therefore it is likely that the differences represent normal test imprecision for all samples 
except for B-OI. For B-OI heterogeneous contamination on the scale of a few inches (the space between 
samples taken in two 4-9 oz. sample jars) is the likely explanation. However, in analyzing results the 
significant potential imprecision of testing should be kept in mind. 

3. Visual Examination Of Data And Evaluation Of Differences By Area 

In the following paragraphs we present several ways to plot and view data. 

4 Decision Management Associates. LLC. 
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Preliminary Analysis of Soil Contamination Data 
Northwest Natural - Gasco Facility 

3.1. PAR Compound Mix 

3.1.1. Relation between CPAHs and TPAHs. 

October 9, 1998 

Figure 2 shows TPAHs versus CPAHs by depth on a log-log scale. A linear relation with zero 
intercept indicates that the relationship between TPAHs and CPAHs is proportional. The two chemical 
groups are strikingly well correlated for surface soils. Explanations include that surface PAHs are from 
a single source or that weathering has left them uniform in nature (more discussion below). The two 
groups of chemicals are roughly correlated for deeper soils, suggesting variety in the nature of sub
surface PAH contamination. This may be associated with diverse sources, differential weathering 
and/or differing rates of migration. In a number of samples TPAHs were detected at low concentrations 
while CPAHs were not detected (values of -3 in the figures represent no detects). 

3.].2. PAR Fingerprints. 

Beyond the above breakdown into total and carcinogenic, the relative concentrations of the sixteen 
different PAH compounds analyzed can be considered a "fingerprint" for a PAH mix. 

Figure 3 displays the PAH fingerprint of all surface soil samples by constituent. Each sample is shown 
as one of the thin bars above each constituent. In this figure the right-most thin bar above each 
constiruent is a sample we believe is Koppers pencil pitch dust (see discussion in Data Summary). The 
fact that for surface soils the thin bars tend to be similar (e.g. most are high for Pyrene and low for 
Napthalene) indicates similar PAH fingerprints among surface samples. Further, it appears that PAHs 
in surface samples are generally quite similar to dust collected at Koppers. 

Figures 4 and 5 show similar comparisons for shallow and deep soils, respectively. PAHs in shallow 
and deep soils are more diverse. They are generally dissimilar to surface PAHs and somewhat similar 
to each other. Part of this the distinction between surface and deeper samples is due to weathering, for 
example with naphthalene volatilizing near the surface. Similarity of surface samples may also reflect a 
common source. The differences between surface and deeper PAHs should be addressed in assessing 
the potency of CPAHs. 

3.2. 3-D Concentration Scatter Plots of Concentrations 

Figures 6-13 show 3-dimensional scatter plots of the contaminants: 

• TPAHs 

• CPAHs 
• Benzene 

In each plot the site is shown from a south-southwest vantage point, with approximate site borders and 
river locations shown. The north and east coordinates are in feet, and are those used in records of 
borings and wells at the site. These plots are primarily intended to clarify the extent to which elevated 
concentrations occur in various areas and at various depths. Sample locations are provided for points 
with highest concentrations!. 

TPAHs and CPAHs are distributed very similarly, with elevated concentrations of each occurring at the 
same points. Elevated surface concentrations of CPAHs are about 10% of the concentrations elevated 
shallow and deep soil concentrations. Elevated concentrations of PAHs occur within each of these 

I Note that while concentrations of contaminants in deep soil have been carried throughout this analysis, they are 
not directly important in the evaluation of human health risks due to the lack of a viable route of exposure (DEQ 
letter to S. Han, August 23, 1996). 
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depth intervals towards the eastern corner of the site (former tar pond area, near Wacker and the river), 
an area with residual tar product in the soil. A few other samples showing elevated concentrations are 
scattered across the site, with high variability by both depth and location. 

Benzene concentrations in shallow soil are elevated primarily in the central part of the site near the 
southwest boundary, near the former light oil plant. In deep soil the elevated concentrations are about 
50% as high and are farther down-gradient of the light oil plant, with another spike at MW-6. Elevated 
benzene concentrations do not perfectly coincide with observed product, with the highest concentration 
occurring in a sample at B 18 that had no obvious product. 

3.3. Site Breakdown and Histograms 

The site could be divided in a number of ways for the purpose of statistical analysis. One reason for 
breaking the site down is variability of human activity, and thus exposure parameters, by area (e.g. the 
3-area breakdown below). Another reason is variability in the nature and extent of contamination (e.g. 
2 and 4-area breakdowns below). We consider the site as a whole and using 3 breakdowns as shown in 
Figures 14 and 14a and described below. 

The 2-Area breakdown was used to investigate the apparently higher concentrations occurring in the 
eastern corner of the site (see scatter plots, above), with the eastern corner being nearly identical to the 
Former Tar Pond area of the 4-area breakdown. 

The 3-Area breakdown follows approximate boundaries of current usage, with the NWN area including 
all but the northeastern area (PNO) and the southwestern comer (Koppers). This breakdown is likely to 
be useful to the extent that exposure parameters vary by current lease areas. 

The 4-Area breakdown was suggested by DEQ in the memo of June 27, 1997 "Data Summary and 
Exposure Pathway Analysis-Technical Memorandum, Former GASCO Site." The proposed breakdown 
included a small fifth area in the northeast corner of the site near the abandoned office building called 
"Office Area." No data have been taken in that area, as broken out, so it is not included in the 
analysis. The memo showed the LNG containment basin as an excluded area. The assignment of 
sampling locations to areas for each breakdown is shown in Table 1 below. 

Table 1. Assignment of Sampling Locations to Areas 

Area Breakdowns Borings and Wells by Area 

2-Area East Comer Main Area 
Borings: 9, 29·35 All other samples 
Wells: 3·5, 8 

3-Area NWN Koppers PNO 
Borings: 2, 5, 9, Borings: 18-25, Borings: 1,3,4,6-
11-17,26,29-35 27,28 8,10 
Wells: 3-5, 8-11 Wells: 12 Wells: 1,2,6,13 

Geotech: 1-4 
4-Area Tar Pond Area Retorts/Koppers PNO Oxide Area 

Borings: 9, 26, 28- Borings: 11, 13- Borings: 7, 8, 10 Borings: 1-6 
35 25,27 Wells: 13 Wells: 1-2 
Wells: 3-5, 8,11 Wells: 6, 9,10,12 Geotech: 1-4 

6 Decision Management Associates, LLC. 

Koppers022465 



Preliminary Analysis of Soil ContaminatioD Data 
Northwest Natural - Gasco Facility 

October 9,1998 

Figures 15-22 are histograms of the frequency with which concentrations of TPAHs, CPAHs, and 
benzene were found by area and depth, on a log scale. The left-hand columns, at 10.3 , indicate non
detects. With the high variability found, mean values primarily reflect the several highest 
concentrations found. Because of the log scale even fairly subtle differences in the appearance of 
histograms, particularly in the right-hand most columns, reflect significant differences in the highest and 
mean concentrations. In cases where a single sample of elevated concentration has a dramatic impact on 
the mean, the mean is also shown without that sample included in the data set. 

In studying these histograms some patterns appear: 

• The 4-Area breakdown provides the best resolution of concentrations, most clearly showing lower 
PAH concentrations in the PNO area and higher concentrations in the eastern corner (near the river 
and Wacker). 

• The 3- and 4-Area sets of histograms both show lower surface concentrations in the northern part of 
the site (PNO and Oxide areas) relative to other areas. 

• Shallow soil has fewer non-detects and higher concentrations than deep soiL 

• All 3 sets of histograms show great variability in PAH concentrations in shallow and deep soils (7 
orders of magnitude), and somewhat less variability in surface soils (3 orders of magnitude). This 
reinforces other observations suggesting that surface PAHs differ in distribution and nature from 
sub-surface PAHs. 

Figure 23 shows arsenic concentrations found in the PNO and Oxide areas of the 4-Area break down. 
Samples have not been taken in other areas. Concentrations are consistently higher in the Oxide area, 
with no arsenic concentrations in the PNO area exceeding 3 ppm and no arsenic concentrations in the 
Oxide area below 3 ppm. 

4. Statistical AnalYSis of Concentration Differences by Area and Depth 

We can use statistical tools to further evaluate the significance of differences by depth and by the areas 
defined above. As noted below, however, these statistical results are best used with caution and as 
supplemental to visual examination of the data, due to method and data limitations. 

.., 
The Mann-Whitney U test (also known as Wilcoxon Rank Sum test, e.g. EPA, 1996 section 3.3.3) was 
used to test for significant differences between groups when concentration data were grouped by depth 
and area. The Mann-Whitney test considers the hypothesis that two populations (e.g., concentrations in 
twO areas or depths) are shifted relative to each other. When assumptions and limitations are not 
violated, this is the most powerful non-parametric test for this purpose:!. For information on this test 

~ This test does Dot assume any distribution shape (i.e .• is ··nonparametric"), but does assume that the distributions 
to be compared have the same shape and dispersion. The- histograms suggest that this assumption is met to varying 
degrees across comparisons. Extreme values have limited impact with a ranking statistic. The benefit is that the 
statistic will not be greatly affected by one or two extreme values. but the caution is that where very high values 
are considered representative, their importance may be underestimated. Substantial numbers of identical data 
values in the two sample sets being compared (e.g. non-detects with same assumed values) can lead to 
underestimates of the confidence that the sets are different - i.e. differences in populations will tend to be greater 
than indicated by p-values. Our data (like most real data) violates these assumptions to some degree. so results 
should be viewed as suggestive. not as "proofs. " 
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Devore 1995, or other statistics texts. The calculations were done in the software Statistica (1998 
release 5.1 M, StatSoft Inc.). 

The reponed p-value is the probability of error in rejecting the null hypothesis that the two samples are 
from the same population. That is, the test is looking for evidence that the samples are from different 
populations. The p-value is the probability of error in the statement "the two populations from which 
samples are drawn are different." Exact two-tailed p-values are used here, since we do not know a
priori which area or depth would have higher concentrations, should they be different. A value of 0.05 
indicates a one-in-twenty (5 %) chance of such an error, and this is often considered a marginally 
significant result. P-values closer to .01 are fairly strong statements regarding likely differences. 

Applied to arsenic in the PNO versus Oxide areas, the concentrations are significantly different with a 
p-value of <0.001 when subjected to the Mann-Whitney U Test. The remainder of statistical analyses 
will be devoted primarily to PAHs. 

Mean values for PAHs and benzene (and mean values calculated without extreme values3
) and number 

of samples for each area and depth are provided in Table 2. 

Detailed results of the Mann-Whitney test for the significance of differences by area and depth are 
attached in Appendix 1. The following is a summary of the results. 

• 2-Area breakdown: PAHs are significantly higher in the eastern corner of the site than the 
remainder of the site ("Main Area") for shallow and deep soils. 

• 3-Area breakdown 

• PNO appears to have lower concentrations than the other two areas. The elevated PNO samples 
at B6 (shallow) and MW6 (deep) are exceptions to this trend. 

• Mean concentrations at NWN are substantially higher than at Koppers, but the difference is not 
statistically significant. This lack of significance most likely reflects the limited impact of 
extreme values on the test.. 

> Extreme values were arbitrarily selected by inspecting data for single samples that accounted for over about Vz of 
tilt: mean. These extreme values were associated willi samples from B6, B13, and BI8 in shallow soil; and B6, 
B27, and MW6 in deep soils. 
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Table 2. Mean Concentrationst and Number of Data Points for Each Area Breakdown and Depth. 

Area 
I I 

CPAHs I TPAHs Benzene 
Division Depth Area Mean (ppm) N I Mean (ppm) I N I Mean (ppm) N 
1-Area All All Areas 285 136 2290 

I 
136 21.1 58 

Depths 
Surface All Areas 104 23 197 23 0.15 5 

Shallow All Areas 531 36 3469 36 29.5 21 

Deep All Areas 223 n 2364 77 I 18.8 32 

2-Area Surface Main Area 57 I 13 129 I 13 0.15 3 

East Comer 166 10 286 10 0.15 2 

Shallow Main Area 325 30 1604 30 30.9 18 
(624 w/o 813) (29) 

East Comer 1560 6 12793 6 21.7 3 

Deep Main Area 52 50 815 50 16.7 26 
(24w/oMW6) (49) 

East Comer 541 27 5232 27 28.2 6 

3-Area Surface PNO 10 4 I 21 4 0.15 1 

NWN 123 15 212 15 0.15 2 

KOP 125 4 318 4 0.15 2 

Shallow PNO 311 16 889 16 0.03 10 
(35 w/o 86\ (15) (108w/o 86) (15) 

NWN 1115 12 8945 12 15.6 6 

KOP 91 8 415 8 105.3 5 

Deep PNO 65 22 941 22 4.6 15 
(1.9 w/o MW6) (21) (4.3 w/o MW6) (21) 

NWN 391 40 3982 40 42.2 9 

I KOP 9 I 15 137 15 19.2 8 
(54w/o 827) (14) 

4-Area Surface Oxide 10 4 21 4 0.15 1 

PNO 0 0 0 

I Former Tar 132 14 228 14 0.15 

I 
3 

Pond 
Koppers 102 5 251 5 0.15 1 

Shallow Oxide 956 5 2765 5 0.15 1 
f73w/o 86) (4) (268w/o 86) (4) 

PNO 21 10 39 10 0.01 9 

Former Tar 1361 7 11053 7 17.7 4 

Pond 
Koppers 327 14 2378 14 78.5 7 

(47w/o 813) (13) (279 w/o 813) (13) (27 w/o 818) (6) 

Deep Oxide 8.4 5 19 5 0 
(O.4w/o 86) (4) (2.0w/o 86) (4) 

I PNO 0 15 0 15 0.12 13 

I FormerTar 484 32 4901 32 41.3 8 

Pond 
I Koppers 67 25 1005 

I 
25 24.6 11 

(11 w/oMW6) (24) (180 w/o MW6) (24) 

tFor values in which a single data point has a dramatic impact on the calculated mean, the mean value calculated 
without that data point has also been calculated and is shown in parenthesis. This is intended to show the impact of 
extreme values on the mean. 
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• 4-Area breakdown 

• All depths: PNO has significantly lower concentrations than other areas in nearly all 
comparisons. 

• Surface PAHs: The Former Tar Pond and Koppers areas have similar concentrations and 
both have higher surface PAH concentrations than the Oxide area. 

• Shallow PAHs: The Former Tar Pond area has significantly higher concentrations than all 
other areas except the Oxide area. If sample B6 is removed from the Oxide area (B6 
accounts for about 90% of PAHs found in Oxide area samples) then the Oxide area too has 
concentrations significantly less than the Pond area (p<0.05 for both TPAHs and CPAHs). 

• Deep PAHs: While the Former Tar Pond shows elevated levels in histograms and means. 
the difference is not statistically significant in deep soil. As mentioned above, the test may 
under-estimate significance when extreme values and duplicates are present. 

The overall picture from statistical tests is that the PNO area has lower concentrations of PAHs than 
other areas of the site, and the Former Tar Pond area has higher concentrations of PAHs. The 4-area 
breakdown shows greatest resolution. 

Variations in distribution shapes, substantial numbers of identical values in different groups (non
detects), and extreme values limit test power and reliability. Generally we suggest that testresults be 
considered only supplemental to visual analysis of the data presented in plots and tables. 

5. Another Way to View Relation Between Proximity and Concentration -
Variograms 

Figures 24-27 show scatter plots relating the straight-line distances (x,y.z) between samples and the 
differences in contaminant concentrations found in those two samples. Thus every possible pair of 
points is shown as a point with the corresponding difference in concentrations and distance between 
those points. Such plots, called "variograms" in geo-statistics, are used to examine spatial relations 
between concentrations. Variograms are shown for the full site (up to 1.600 feet between samples, on 
x-axis) and for samples within 300 feet. If concentrations change in a continuous fashion across the site 
then concentration differences will increase with distance between the samples. 

For PAHs below the surface the variograms show differences in concentration even for points that are 
very close together (points spread along or close to the y-axis). This is evidence for what is referred to 
·as "'pure nugget" or small clumps with different concentrations than surroundings. For deep PAHs and 
benzene there no visible "ranges" (a distance over which there seems to be a relation between 
concentration and distance). This indicates a lack of smooth concentration gradients in deep soil. 
PAHs in surface and shallow soils show less variation in concentrations for points within about 100 
feet, which is consistent with a tendency for concentrations to vary more smoothly. 

The' nuggets and limited distance/concentrations ranges are consistent with the observed presence of 
distinct zones and "fingers" of oil tar and tar product (especially the tar) having been incorporated 

.. within fill at the site. PAH concentrations beyond the limit of tar or oil' product tend to display a sharp 
... decline in contamination.. Given the placement ·of product at numerous portions of the site as fill the . 

'presertce of gradually declining concentrations from a "source" is not anticipated, but rather the highly 
heterogeneous patterns displayed by the variograms would be expected. 
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6. Relationships Between Shallow Soil Description And Concentrations 

Soil odor, sheen, and the presence of product were recorded in boring logs while collecting samples. 
These descriptions were used in the body of the Summary Repon to develop an idea of product location 
and contour plots showing product location. In this section we look at how soil descriptions are related 
to concentrations for shallow soils. As described later, we can use these relationships to estimate the 
degree of bias in the sub-surface sampling. 

6.1. Are Contaminant Concentrations Related to Soil Descriptions? 

Table 3 below shows, for shallow soils, the number of data points and mean contaminant concentrations 
when samples are grouped by clean/sheen/odor and by the presence of observed product. There appear 
to be substantial differences in mean concentrations depending on whether there is sheen, odor, or 
product. We examine these apparent relationships in more detail below for PAHs and benzene. 

Table 3. Shallow Soil Mean Concentrations and Number of Samples by Soil Description and 
Observed Product 

Soil Description 
Observed 

Product 

6.1.1. PARs 

Carcinogenic PAHs 

Means 
(ppm) N Means 

(ppm) 

Total PAHs 

N 

Benzene 

Means 
(ppm) N 

Soil with no odor, sheen, or product (i.e .. looks clean) tends to have low PAH concentrations; soil with 
odor or sheen but no product tends to have intermediate concentrations, and soil with visible product 
tends to have the highest concentrations. However, there is significant variation within each category. 
Details follow. 
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Figures 28 and 29 show histograms of the occurrence of PAHs in soil for each combination of soi I 
description, with number of points (N) and mean values shown (Note that the figures show data 
compiled for all depths, not just shallow depths as in the table above). Samples with no visible product 
and no odor or sheen have low concentrations and 42% (73 of 174) are non-detects. Soil with visible 
product usually has a sheen (48 of 54 samples, or 89%) and otherwise has an odor, and these points 
have elevated concentrations. There is no clear difference between samples with odor versus sheen. 
The samples with sheen or odor but no product have low to intermediate concentrations. 

Based on the above analysis, three soil categories present themselves for evaluation: 

• Soil with no odor sheen nor product; 
• Soil with odor or sheen but without product 
• Soil with product 

The data sets associated with each of these categories can be compared to each of the other categories to 

determine if a statistically significant difference exists between the data categories. Tables 4 and 5 
display the statistical difference between data sets associated with the soil categories listed above. The 
low p-values produced via the Mann-Whitney u-test for the comparison of these data sets indicates that 
each of the soil categories presented above displays a statistically significant difference from the others 
for CPAHs and TPAHs. To further illustrate this point, box plots of concentrations in each of the 3 
categories used in the above tables, for shallow soil, are shown in Figures 30 and 31 (note the log 
scale). 

Table 4. TP AH Concentrations by Soil Description 

Soil Category 1 Soil Category 2 P-value of difference 
(Mann-Whitney u-test) 

No Odor, Sheen, nor Product I Product <0.001 
(N=87, mean =57 ppm TPAH) 

Odor or Sheen without Product No Odor, Sheen, or 0.001 

(N=22, mean=369 ppm TPAH) 
Product 

Product Odor or Sheen without <0.001 

(N=27, mean=11 ,050 ppm TPAH) 
product 

Table 5. CPAH Concentrations by Soil Description 

Soil Category 1 Soil Category 2 P-value of difference 
(Mann-Whitney u-test) 

No Odor, Sheen, or Product (N=87, Product <0.001 
mean =31 ppm CPAH) 

Odor or Sheen without visible No Odor, Sheen, or 0.05 
product (N=22. mean=88 ppm Product 
CPAH} 

Product Odor or Sheen without <0.001 

(N=27, mean=1263 ppm CPAH) 
product 
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We cannot generally relate the nature of the product (oil versus tar versus lampblack) to concentrations, 
given the amount and variability of the data. We did find, however, that PAH concentrations in oily 
soil are higher in the tar pond area than in the Koppers area, suggesting variation in types and sources 
of oil4. 

6.1.2. Benzene 

The relation tJ.etween soil description categories and concentration is less clear for benzene, with the 
presence of sheen or oil being the best indicators of benzene. Figure 35 shows the occurrence of 
benzene concentrations in soil for each combination of soil category. Soil with no visible product and 
no odor or sheen has lower concentrations. Soil with visible product nearly always has a sheen (16 of 
18 samples, or 89%). The two points with product and no sheen have low benzene, and the 7 points 
with no product but sheen include the point with the highest concentration (BI8, 12 ft deep) and 2 other 
points with significant concentrations. This suggests sheen is a better indicator of benzene 
concentration than the presence of product. 

Figure 36 shows box plots of the log of benzene concentrations with samples either sorted by presence 
of product or odor and sheen. If we do not exclude the high sample at BI8 then there is no difference 
in mean concentrations based on the presence of lampblack or tar, but samples with oil have elevated 
concentrations. Using the appearance of odor and sheen seems to give a bit more consistent, although 
still rough, predictor of benzene concentration. 

Based on these graphs of the data, the following two alternative sets of soil categories suggest 
themselves: 

• Clean soil 
• Soil with an odor 
• Soil with a sheen 

and 

.: While oil was found in soil samples in both the Koppers and tar pond areas. P AH concentrations are higher in the 
pond area. Thus we investigated whether oily samples in the various areas are comparable. Table 6 below 
summarizes the concentrations of P AHs in oily soil samples in the Pond and Koppers areas. with the significance of 
the difference shown in the bottom row. This data is also shown in a box-whisker plot in Figure 32-34. . " 

Table 6. Shallow soil (0.2-15 feet) with Visible Oil, Concentrations of PAIls and Benzene. 

CPAHs TPAHs Benzene 

Mean N Mean N Mean N 
(ppm) (ppm) (ppm) 

Former Tar Pond 1997 6 23087 6 79 4 

Koppers 727 8 6881 8 52 7 

P-value significance of 0.23 0.34 0.53 
difference JMann-Whitney) 

The difference is not statistically significant. but concentrations of P AHs in oily soils appear to be higher in the 
pond area than in the Koppers area. This difference could be due to a differing source for the oil in the fonner tar 
pond area than that identified in the Koppers area. with the oils in the fonner tar pond area perhaps more closely 
related to. or derived from. the tars. while no tars were present in the Koppers area. 
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Table 7 shows the statistical significance of differences in soil categories the first set of categories (i.e., 
clean, odor and sheen). 

Table 7. Benzene Concentrations by Soil Description 

Soil Category 1 Soil Category 2 P-value of difference 
(Mann-Whitney u-test) 

Clean (N-20, mean-0.B5 ppm benzene) Sheen <0.001 

Odor (N=4, mean=12.5 ppm benzene) Clean 0.13 

Sheen (N-25. mean-47.B ppm benzene) Odor 0.50 

Table 7 indicates that soil categorized as clean differs in a statistically significant manner from soil 
categorized as having a sheen. The other category combinations do not show a strong statistical 
difference, but there are only 4 samples with just odor. 

Table 8 shows the statistical significance of differences in soil categories the second set of categories 
(i.e .. no product, lampblack, oil and tar). 

Table 8. Benzene Concentrations by Soil Description 

Soil Category 1 Soil Category 2 P-value of difference 
(Mann-Whitney u-test) 

No Product (N=40. mean=11.6 ppm Lampblack 0.07 
benzene) 

No Product I Oil <0.001 

No Product Tar .11 

Lampblack (N=3. mean =10 ppm benzene) Tar .8 

Oil (N-11, mean=62 ppm benzene) Lampblack .37 

Tar (N=4. mean=12 ppm benzene) Oil .28 

Table 8 indicates that soil categorized as having no product differs in a statistically significant manner 
from soil categorized as having oil present. The other category combinations do not show a strong 
statistical difference, although there are only 3 samples with lampblack and 4 with tar. 

In summary, the relationship between soil description categories and concentration for benzene is 
weaker than the relationship for PAHs. The presence of sheen or oil being the best indicators for the 
presence of benzene. 
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We found above that, particularly for PAHs, contaminant concentrations vary significantly with soil 
description. This confirms the common-sense expectation that the visible presence of contamination is 
related to the concentrations of contaminants. 

It also confirms that sampling preferentially according to soil appearance is likely to result in a biased 
data set, i.e., the average concentration of such samples is unlikely to be the same as the average of 
randomly collected samples. This is important in that it could suggest that analyzed samples may be an 
imperfect indication of what a worker in a trench at a random location would encounter. 

However, we can develop an estimated distribution of shallow soil concentrations based on soil 
categories. We can do this by first associating a distribution of concentrations with each soil category5. 
We can then examine each boring log to determine what fraction of shallow depth soil falls in each 
category (i.e., soil with no odor sheen nor product; soil with odor or sheen without product; soil with 
product for PAHs). This information can be determined from the cross-section figures of the Data 
Package Hahn, 1996, appendix L. Based on this information, we can estimate the distribution of 
concentrations that would be found if random samples had been collected. 

We ran a simulation of 10,000 draws that estimated sample concentrations based on (a) likelihood of 
encountering each soil category, (b) concentration distribution for the soil category encountered. and (c) 
uncertainty in the measurement of concentration6

• This produced distributions for concentrations 
intended to be representative for the site. 

These distributions are shown together with the distributions for sample data in Figure 37. The 
simulated distributions based on the amount of soil of various descriptions are very similar in shape to 
those of the samples. However, the distributions based on soil description show about 30% fewer of 
the highest values of PAHs7

. The reason for this difference is a bias towards sampling soil with visibk 
product. As shown in Figure 38, about 30% of all soil encountered in boring was product 
contaminated, but about 40% of samples were taken from such soil. This is consistent with the 
sampling strategy, which was in part to characterize the worst contamination. 

A comparison of average concentrations in shallow soil is shown in Table 9. A site-wide average is of 
limited use, given site area differences highlighted in other sections. However, averages do provide an 
idea of the difference in total contamination based sampling that was done versus results which might 
have been generated by random sampling in shallow soil. It appears that PAH contamination is 
overestimated by about 25 % relative to random samples, while benzene is not overestimated. This is 
consistent with the results of the previous section - recall that the presence of benzene could not be well 
predicted on the basis of visual examination. Hence, if sampling preferentially based on soil 
appearance, benzene data would tend to be relatively unbiased. PAH concentrations. however, would 

~ There a number of alternatives for developing distributions, as discussed later in the repon. One approach would 
be to find the best-fitting parametric distribution. The fit for any distribution will be coarse. given hisrogranls of 
concentrations. A second approach is to use the existing data as the distribution (~empirical distribution-). TIle 
testing error offers some smoothing of this distribution (see footnote below and later in text). As a comparison. a 
set of parametric distributions were fit (maximum likelihood) and the simulation was run with both these and 
empirical distributions. The results were nearly identical, with results using the empirical distributions shown. 

6 We multiplied each concentration by a value selected from a normal distribution with mean 1 and standard 
deviation 0.25 to simulate the random error of sample analysis. 

7 The average values for values shown as "More" on histograms are vinuaJly identical for simulation and samples. 
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have a greater tendency to be biased toward high-end concentrations due to the stronger correlation 
between appearance and concentration. 

Table 9. Shallow Soil Average Contaminant Concentrations, Site-wide in Shallow Soil 

Estimated Average 
Average of Concentrations for Percent by Which 

Contaminant Sample Random Samples, Based Sample Average 
Concentrations on Amount of Soil with Exceeds Est. 

(ppm) Sheen, Odor, Product Random Samples 
(ppm) 

CPAHs I 531 425 25% 

TPAHs 3469 2804 24% 

Benzene 29.5 29.7 -1% 

To summarize, a comparison of sample concentrations with expected concentrations that would occur 
with random sampling suggests that sample concentrations are very similar to those that would be 
collected randomly, but likely overestimates the occurrence of the highest PAH concentrations. 

7. Developing Distributions for Contaminant Concentrations 

One purpose for concentration data is in assessing possible health risks. A probabilistic risk assessment 
requires probability distributions for chemical concentrations, so an imponant criterion for data is 
whether it is sufficient to construct or select distributions that adequately describe concentrations. The 
process of constructing distributions will generally help reveal whether data is adequate or inadequate 
for this purpose. 

Unfonunately, there is no single right way to build a probability distribution based on empirical data. 
Depending on the amount of data, nature of the data, judgement, and available tools, methods include: 

• Using data itself as the distribution (simple empirical distribution) 
• Selecting the best-fitting parametric distribution 
• Creating smoothed distribution from the data (smoothed empirical distribution) 
• Selecting a distribution to maximize uncenainty consistent with data (maximum entropy) 
• Using Bayesian updating to develop posterior distributions from priors (e.g. Roeder and 

Wasserman, 1997) 
• Bootstrapping a smoothed distribution 
• Manually creating a piece-wise combination of simple distributions 

NWN and DEQ will need to work together to select and apply approaches that are mutually 
satisfactory. In this section we first examine existing data for obvious gaps and then provide examples 
of how distributions may be constructed using GAS CO data8

. 

8 For useful g!!neral background infonnation see ODEQ 1998 and it's appendix, EPA 1997. 
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Exposure scenarios and parameters dictate the appropriate area and depth breakdowns for purposes of 
risk assessment. In terms of area, there are three populations that are active on the lease areas: NWN, 
Koppers, and PNO. In terms of depth, we are concerned about exposure to surface soils, directly and 
via dust inhalation, and trenching and other activities that may bring people into contact with sub
surface soil up to 15 feet in depth. CPAHs and benzene appear to pose potential risks. Therefore we 
ultimately will need 9 soil concentration distributions: CPAH distributions for each of the below six 
location/depth combinations and benzene for each location at the shallow depth: 

1. NWN Surface 
2. NWN Shallow 
3. PNO Surface 
4. PNO Shallow 
5. Koppers Surface 
6. Koppers Shallow 

7.2. Screen for Data Adequacy: Sample Number and Locations 

During construction of the distributions we expect to learn about the adequacy of data. However, we 
can conduct a screening of it's adequacy by first simply considering how many samples are available in 
each location/depth combination, and how well they are distributed. 

Regarding the number of data points, there is no hard and fast number that is either too few or plenty 
(although we will develop a better idea when constructing distributions). However, our judgement is 
that a minimum of 4 or 5 samples should be available in each area at each depth. 

Regarding location, we do not currently have infonnation indicating that surface or shallow soil exposures 
will occur more frequently in one area versus another within each of the 3 areas. Thus, as an 
approximation, we assume that the likelihood of exposures is essentially unifonn within each of the 3 areas. 
This suggests that we would like roughly evenly spaced samples in each area. To the degree that samples 
are not unifonn, we would like to see more samples in areas more likely to be visited. 

Reviewing Table 2 we see that we indeed have at least 4 data points for each combination, although 
only 4 for surface CPAHs at PNO and Koppers. However, the points are not spread evenly. Surface 
sample locations are shown in Figure 39. This is a "Voronoi Tessellation", which draws lines that are 
equidistant between points, so the area surrounding each point is closest to that point. This provides "m 
idea of the coarseness and uniformity of sampling locations. The southeastern portion of the site is well 
sampled, but there are few samples in the PNO and Koppers areas. and few in the area of the LNG 
yard, where surface activity is common. The 10 x's on the figure indicate proposed approximate 
sampling locations to provide more uniform and complete coverage. 

Figure 40 shows that shallow PAH samples are fairly uniform, except that (a) geotechnical borings near 
the river are clumped and thus over-represent that area. (b) there are no samples in the office area of 
NWN, and (c) the south eastern comer is slightly under-represented, and since this corner has highest 
concentrations, this is not conservative. To address these issues we would recommend (a) leaving out 2 
geotechnical boring samples (which have low concentrations) and adding 3 samples at the approximate 
locations shown with x's in the figure. 

Figure 41 shows that shallow benzene samples provide fair coverage, but 8 x's indicate locations for 
new points that would result in more complete and uniform coverage. The sample in the eastern comer 
can be collected with installation of a new well planned near MW -5, and 3 of the other points are in 
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roughly the same locations as those recommended above for shallow PAHs. Thus about 7 shallow 
samples appear useful for PAHs and benzene, in addition to samples taken during well installation. 

We will learn more about possible data gaps while building distributions, but have identified 10 surface 
and 7 shallow soil samples that appear desirable based on the number and location of existing points. 

7.3. Examples of Constructing Distributions 

We will illustrate two approaches in surface CPAHs in the NWN area: 

1. Fitting of parametric distribution 
2. Smoothed empirical distribution 

7.3.1. Parametric Fit for Surface CPAHs in the NWN Area. 

Figure 42 shows a histogram surface carcinogenic PAH data for the NWN area. We do not know what 
distribution is appropriate a-prior, but the histogram appears similar to the overlaid lognormal 
distribution9

• We will now consider measures of the lognormal fit. 

A probability-probability plot for a lognormal fit is shown, suggesting a fairly good fit (points lie close 
to diagonal line). Table 10 summarizes numerical tests of fit for a lognormal distribution. The Shapiro
Wilks W test of the normality does not reject the hypothesis of normality of the log transformed datalO

• 

The fit measure most sensitive to tails (Anderson-Darling) is also consistent with a good fit. However, 
the lognormal distribution that is fit, by selecting parameters to maximize the likelihood of observed 
values, has a mean of 176, versus the actual mean of 123 for data points. As discussed below, this 
results from fitting a distribution with a tail extending to infinitely high concentrations, and can be 
addressed by truncating the tail at a point well beyond the highest observed values. 

Given the visual comparison (perhaps most imponant, e.g. EPA 1997) and numerical results, aside 
from the infinite tail, the lognormal distribution appears to be a fairly good representation for surface 
CPAHs in the NWN area. 

Table 10. Lognormal Fit (mean 176, SD 664) to Surface CPAHs in NWN Area. 

Fit Common threshold for 
Measure of Fit Parameter "good" fit 

Value 
Shapiro-Wilks W test of p=O.71 p>O.OS 
normality (on log-transformed W=.96 
data), p-value 
Chi-squared I Undefined p>D.S 
Anderson-Darling 0.22 <1.5 
Kolmogorov-Smirnov 0.10 <0.03 

9 This is somewhat appealing in that dilution and degradation processes can be viewed as yielding concentrations 
that are the product of random numbers, yielding a lognormal distribution. However many data sets from the site 
do not appear to fit any parametric distribution. 

10 The Shapiro-Wilk test is considered one of the best methods for testing for normality, and is sensitive to 
depanures from normality in the tails of distributions. When the statistic is significant (e.g. p < 0.05) normality 
can be rejected and when insignificant normality can be accepted. 
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With a small data set, even if we accept that the distribution is lognormal, there is uncertainty regarding 
the true mean and standard deviations of the distribution. Thus using the best fitting distribution 
directly is not sufficiently conservative. We can address this by using a tiered simulation approach in 
which (a) we estimate distributions for parameters (mean and sd), (b) sample from these parameter 
distributions to construct a family of distributions, and (c) sample from this family of concentration 
distributions for estimating risk. This procedure reflects both uncertainty in the population distribution 
parameters (mean, sd) and variability in what an individual might encounter at the site. We carried this 
out and the ultimate result is also a lognormal distribution, but with a slightly increased uncertainty 
relative to the best-fit distribution (sd increased from 664 to 783). 

Finally, we note that the tail length and shape for the fit is an artifact of the choice of distributions, and 
does not reflect information in the data. For example, a tail extending to infinity, as does·the 
lognormal, is not realistic. We also note that the mean of the data is the best unbiased estimate of the 
population mean, so we would like the fit to have similar mean to the data. Further, we would like the 
fit distribution to have a SD at least similar to the data. In this case we find that truncating the tail at 
3.5 times the highest data value (i.e. at 2,012 ppm, which is at 98.8% for the distribution) yields a 
distribution with mean 125 and SD 241, which are similar to these parameter values for the data. 

7.3.2. Smoothed Empirical Distribution jar CPAHs in Surface NWN Soil. 

Another approach to obtaining a distribution from empirical data is to simply sample from the data 
itself. While this is simple and seemingly avoids assumptions, it has two primary weaknesses. First, 
the population distribution (i.e. real distribution) is in fact continuos - we could undoubtedly find some 
soil sample with virtually any concentration between zero and our highest value. Using our few discrete 
points in place of a continuous distribution could introduce unrealistic patterns into results. 

Second. and more importantly, it makes no provision for the likelihood that there are in fact 
concentrations that are higher than we found - i.e., that there is a tail beyond our highest value. One 
way to address this issue is through the use of non-parametric tolerance limits, which estimate the 
certainty with which our highest value exceeds a given percentage of all values. For example. 
Montgomery (1996) provides a method for calculating tolerance limits for nonparametric distributions. 
Using this approach, we find that with 16 samples we can say with 75% certainty that our highest value 
exceeds 92 % of all values. Thus if we place 8 % of the probability density beyond our highest value we 
have a 75% chance that we have over, rather than under, represented the number of samples beyond our 
highest value. However, there is no magic way to guess where those last 8% should be, so we would-, 
need to select some shape for the tail we are addingll. 

An alternative approach that uses empirical data, but avoids both of the above problems, is to smooth 
the data (e.g. Silverman, 1986). This is commonly done by replacing each empirical data point with a 
probability distribution ("kernel") scaled down to have the probability of that point (l/n). Since the 
distributions overlap and extend beyond the highest point, the combined distribution is smoothed and 
extends beyond the highest point. Various kernel distributions are used, including some with tails 
extending to infinity ("infinite support") such as the normal distributions, and others with finite 
support. The primary impact of kernel choice for our application will be tail shape and length. In this 
example we will use the normal distribution, keeping in mind that we will want to truncate the tail, as 
we did above for the lognormal parametric fit. 

11 In any case it is difficult to estimate rare events. or the tail of a distribution. without very large data sets. If we 
select a parametric distribution we sidestep the issue by taking the panicular tail of that distribution, But as noted 
above. these tails are often unrealistic - e.g. extending to infinity - so require truncation or other adjustment . 
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Having selected a kernel, the challenges become selecting the broadness, or "bandwidth ~ of the kernel, 
and then correcting for the known increase in variance resulting from smoothing. A systematic way of 
selecting bandwidth that has theoretical appeal is called "cross validation." This is done by calculating 
the likelihood of each observation, given that kernels of a particular bandwidth replace other 
observations. Bandwidth is then adjusted to maximize the product of these likelihoods. To correct for 
variance added to the data by the smoothing the distribution is "shrunk." Finally, we will truncate the 
infinite tail for realism and to obtain a mean equal to the data mean!:!. 

To summarize, empirical smoothing is a method for selecting a nonparametric distribution that 
maximizes the probability of existing data. Assumptions include (a) the kernel does not introduce un
correctable bias and provides a reasonable tail shape, (b) bandwidth should be uniform across kernels, 
and (c) the maximum likelihood selection of bandwidth is appropriate. 

In our case we performed the smoothing on the log-transformed data, reflecting our expectation that the 
general shape will be asymmetric, will not extend below zero, and will have a significant tail. For 
fitting the surface CP AHs in the NWN area we found that truncating the tail at 2 times the highest value 
(beyond 96.4%) gives a mean of 124 and SD of 190, which closely match our data. 

Figure 43 shows the best fitting smoothed empirical distribution with a solid line and the lognormal 
parametric fit (previous subsection) with a dotted line. The distributions have very similar shape, but 
with the smoothed empirical distribution being slightly more uniform versus the parametric fit having 
slightly more emphasis on the lowest and highest values. 

Table 11. Comparison of Distribution Fits to Surface PAHs in NWN Area (approximate values, 
based on 10,000 trial simulation). 

Fit Developed Fit of Smoothed, 
Distribution from Lognormal Empirical 
Parameter Data Parametric Distribution 
Mean 123 125 124 
Standard 171 241 190 
Deviation (SO) 

~ "',. 

In this example the reasonable visual fits and close similarity of fits from twO different methods gives us 
some confidence that we have been able to construct reasonable distributions from available data. This 
may not be the case with other needed distributions for which less data exists. By constructing all of 
the needed distributions we will discover more about where funher data is needed. 

I" Fitting a kernel to data is known to increase the variance by the variance of the kernel (i.e .. the bandwidth 
squared). To correct for this the distance between the mean and the mean of each kernel is shrunk by multiplication 
by tht: correction p=«Vd/(Vd+BW'2))"O.5 to keep the mean and variance of the smoothed distribution equal to 

those values for the original distribution. We apply this shrinking factOr to tht: log-transformed data, to which wt: 
fit our kernels. We still get an uncorrected increase in variance when exponentiating back to our final distribution. 
This bias. and the infinitt: tail length, are addressed by truncating the tail. 
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• There is substantial small-scale variability superimposed on site-scale trends. The variability is 
consistent with placement of fill, mixing of soils, and preferential transport of contaminants in 
rootlets and other channels. This variability is likely to continue to be large for future sampling. 

• There appear to be significant differences in concentrations and variability by area and depth. For 
PARs site-scale trends include increasing contamination towards the eastern corner of the site and 
lower and less variable concentrations at the surface. For benzene, concentrations differ by area 
and appear consistent with a shallow source spreading down gradient and deeper. 

• The mix of PARs differs between surface soil and subsurface soil. For surface soils the PAR mix 
is fairly constant across the site, while subsurface PARs show diversity in mix. 

• PAR concentrations are related to soil description (odor, sheen, and presence of product). Benzene 
concentrations tend to be elevated when there is oil or sheen, but the relationship is weaker. 

• Surface samples were placed essentially randomly. Sub-surface samples were collected in part 
based on soil appearance, and are therefore biased. We analyze this bias and estimate that it (1) 
increases representation of high -concentration PAR samples by about 25%, and (2) has no 
measurable impact on benzene values. 

• 17 new soil.data samples are identified that would improve the completeness and uniformity of 
samples. 10 approximate locations for additional surface samples for PARs are identified, primarily 
in the PNO and office areas. 7 approximate locations for shalIow soil samples for CPARs and 
benzene are identified. 

• Constructing concentration probability distributions requires agreement in selection of approach and 
in implementation. Examples are provided for two methods (fitting parametric distributions and 
smoothing of empirical) of fitting distributions to concentrations of CPARs in surface soil on the 
NWN lease area. Other data needs may become apparent with similar construction of the additional 
8 concentration probability distributions that are needed for assessing risk. 
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9. Appendix 1. Detailed Results of Mann-Whitney U Tests for Difference Between 
Groups 

Detailed results are shown for pair-wise comparisons of areas for: 
• all depths together 
• surface ( < 0.2 feet deep) 
• shallow(O.2-15 feet deep), and 
• deep soil (> 15ft) 

The areas breakdowns considered are, as defined in text and Table 1: 
• 2-Area 
• 3-Area 
• 4-Area 

3·Area Pair-wise Comparison by Area, All Depths: Total PAHs 15 4 .36 
Benzene 2 2 

Group I N Group 2 N 
Chemical PNO NWN p value 
Care. PAHs 42 67 <.001 3-Area Pair-wise Comparison by Area, 
Total PAHs 42 67 <.001 Shallow Depth Samples (Between 0.2 and 15 feet): 
Benzene 26 17 <.001 

Group I N Group 2 N 
N. Group I Group 2 N Chemical PNO NWN p value 

Chemical PNO KOP P value Care. PAHs 16 12 .007 
Care. PAHs 42 27 .01 TotalPAHs 16 12 .005 
Total PAHs 42 27 <.001 Benzene 10 6 .001 
Benzene 26 15 <.001 Group 1 N Group 2 N 

Chemical PNO KOP p value 
Group 1 N Group 2 N Care. PAHs 16 8 .11 

Chemical NWN KOP P value Total PAHs 16 8 .03 
Care. PAHs 67 27 .29 Benzene 10 5 <.001 
Total PAHs 67 27 .98 " .. 
Benzene 17 15 .94 Group I N Group 2 N 

Chemical NWN KOP p value 
Care. PAHs 12 8 .21 

3-Area Pair-wise Comparison by Area, Total PAHs 12 8 .27 
Surface Samples « 0.2 feet).: Benzene 6 5 .25 

Group I N Group 2 N 
Chemical PNO NWN P value 3-Area Pair-wise Comparison by Area, 
Care. PAHs 4 IS .05 Deep Samples (more than 15 feet): 
Total PAHs 4 15 .05 
Benzene I 2 Group I N Group 2 N 

Chemical PNO NWN p value 
Group IN Group 2 N Care. PAHs 22 40 .005 

Chemical PNO KOP P value Total PAHs 22 40 <.001 
Care. PAHs 4 4 .03 Benzene 15 9 .001 
Total PAHs 4 4 .03 
Benzene I 2 Group 1 N Group 2 N 

Chemical PNO KOP p value 
Group I N Group 2 N Care. PAHs 22 15 .06 

Chemical NWN KOP P value TotalPAHs 22 15 .007 
Care. PAHs 15 4 .47 Benzene 15 8 .004 
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Benzene 
Group I N Group 2 N 

Chemical NWN KOP p value Group I N Group 2 N 
Care. PAHs 40 15 .43 Chemical PNO Pond p value 
Total PAHs 40 15 .93 Care. PAHs 0 14 
Benzene 9 8 .54 Total PAHs 0 14 

Benzene 0 3 

Group I N Group 2 N 
4-Area Pair-wise Comparison by Area, All Depths: Chemical PNO Koppers p value 

Care. PAHs 0 5 
Group I N Group 2 N Total PAHs 0 5 

Chemical Oxide PNO p value Benzene 0 0 
Care. PAHs 14 25 <.001 
Total PAHs 14 25 <.001 Group IN Group 2 N 
Benzene 2 22 .04 Chemical Pond Koppers p value 

Care. PAHs 14 5 .89 
Group 1 N Group 2 N Total PAHs 14 5 1.0 

Chemical Oxide Pond p value Benzene 3 I 
Care. PAHs 14 53 .55 
Total PAHs 14 53 .32 
Benzene. 2 15 .24 4-Area Pair-wise Comparison by Area, Shallow (0.2 to 15 

feet): 
Group I N Group 2 N 

Chemical Oxide Koppers p value Group IN Group 2 N 
Care. PAHs 14 44 .39 Chemical Oxide PNO p value 
Total PAHs 14 44 .84 Care. PAHs 5 10 .05 
Benzene 2 19 .24 Total PAHs 5 10 .10 

Benzene 9 
Group IN Group 2 N 

Chemical PNO Pond p value Group IN Group 2 N 
Care. PAHs 25 53 <.001 Chemical Oxide Pond p value 
Total PAHs 25 53 <.001 Care. PAHs 5 7 .20 
Benzene 2~ 15 <.001 Total PAHs 5 7 .11 

Benzene 4 
Group IN Group 2 N 

Chemical PNO Koppers p value Group I N Group 2 N 
Care. PAHs 25 44 <.001 Chemical Oxide Koppers p value 
Total PAHs 25 44 <.001 Care. PAHs 5 14 .44 
Benzene 22 19 <.001 TotalPAHs 5 14 .82 

Benzene I 7 
Group IN Group 2 N 

Chemical Pond Koppers p value Group I N Group 2 N 
Care. PAHs 53 44 .03 Chemical PNO Pond p value 
Total PAHs 53 44 .25 Care. PAHs 10 7 <.001 
Benzene 15 19 .66 Total PAHs 10 7 <.001 

Benzene 9 4 <.001 

Group IN Group 2 N 
4-Area Pair-wise Comparison by Area. Surface «0.2 feet): Chemical PNO Koppers p value 

Care. PAHs 10 14 .03 
Group I N Group 2 N Total PAHs 10 14 .015 

Chemical Oxide PNO p value Benzene 9 7 <.001 
Care. PAHs 4 0 
Total PAHs 4 0 Group I N Group 2 N 
Benzene 0 0 Chemical Pond Koppers p value 

Care. PAHs 7 14 .003 
Group I N Group 2 N TotalPAHs 7 14 .02 

Chemical Oxide Pond p value Benzene 4 7 .79 
Carc. PAHs 4 14 .05 
Total PAHs 4 14 .05 
Benzene I 3 .66 4-Area Pair-wise Comparison by Area, Deep (> 15 feet): 

Group I N Group 2 N Group I N Group 2 N 
Chemical Oxide Koppers p value Chemical Oxide PNO p value 
Carc. PAHs 4 5 .03 Care. PAHs 5 15 .01 
Total PAHs 4 5 .03 Total PAHs 5 15 <.001 

23 Decision Management Associates. LLC. 

Koppers022482 



Preliminary Analysis of Soil Contamination Data 

Northwest Natural - Gasco Facility 

Benzene 0 13 

Group IN Group 2 N 
Chemical Oxide Pond p value 
Care. PAHs 5 32 .91 
Total PAHs 5 32 .62 
Benzene 0 8 

Group IN Group 2 N 
Chemical Oxide Koppers p value 
Care. PAHs 5 25 .52 
Total PAHs 5 25 1.0 
Benzene 0 II 

Group 1 N Group 2 N 
Chemical PNO Pond p value 
Care. PAHs IS 32 <.001 
Total PAHs 15 32 <.001 
Benzene 13 8 <.001 

Group I N Group 2 N 
Chemical PNO Koppers p value 
Care. PAHs 15 25 .008 
Total PAHs 15 25 <.001 
Benzene 13 II <.001 

Group I N Group 2 N 
Chemical Pond Koppers p value 
Care. PAHs 32 25 .26 
Total PAHs 32 25 .52 
Benzene 8 II .97 

24 
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2-Area Pair-wise Comparison by Area, All Depths: 

Chemical 
Care. PAHs 
TotalPAHs 
Benzene 

Group I N 
Main Area 

93 
93 
47 

Group 2 N 
East Comer p value 

43 .003 
43 .009 
11 .05 

2-Area Pair-wise Comparison by Area, Surface: 

Chemical 
Care. PAHs 
Total PAHs 
Benzene 

Group I N 
Main Area 

13 
13 
3 

Group 2 N 
East Comer p value 

10 .21 
10 .21 
2 

2-Area Pair-wise Comparison by Area. Shallow: 

Chemical 
Care. PAHs 
Total PAHs 
Benzene 

Group I N 
Main Area 

30 
30 
18 

Group 2 N 
East Comer 

6 
6 
3 

p value 
<.001 
<.002 
.18 

2-Area Pair-wise Comparison by Area, Deep: 

Group I N Group 2 N 
Chemical Main Area East Comer p value 
Care. PAHs 50 27 .05 
Total PAHs 50 27 .07 
Benzene 26 6 .11 

. " 
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Figure 21. 

Log Benzene Concentrations in Soil for 3 Locations and 3 Depths 
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r-igure 22. 

Log Benzene for 4 Locations and 3 Depths 
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Figure 24. 

Carcinogenic PAHs in Surface Soil «0.2 feet) 
Concentration Differences vs,Distance Between Samples (Variogram) 
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Figure 25. 

Carcinogenic PAHs in Shallow Soil (.2' to15') 
Concentration Differences vs.Distance Between Samples (Variogram) 
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Figure 26. 

Carcinogenic PAHs in Deep Soil (>15') 
Concentration Differences vs.Distance Between Samples (Variogram) 
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Figure 27. 

Benzene in Shallow Soil (>.2', <=15') 
Concentration Differences vs.Distance Between Samples (Variogram) 

400~----------------------------------------------------------------~ 

E 350 
c.. 
.::: 
Q) 300 
c 
Q) 
N 

ffi 250 
CD 

'0 
u 200 
c 
o 

C,) 150 
.~ 
Q) 
u 
c 
Q) 

100 
'-

~ 
is 50 

o· 
0 

180 

-160 
E 
c.. 
5,40 
Q) 
c 
:!l120 
c 
Q) 

co 
_100 
0 

U 
g 80 

C,) 

£ 60 
Q) 
u 
c: 
!!! 40 
~ 
is 20 

0 
0 

200 400 600 800 1000 1200 1400 

Length of Straight Line Between The Two Samples (ft) 

Benzene in Deep Soil (>15' deep) 
Concentration Differences vs.Distance Between Samples (Variogram) 

200 400 600 800 1000 1200 1400 
Length of Straight Line Between the Two Samples (ft) 

cones and variogram 98.xls 

Koppers022513 



ici 
0 
0:", 

11= 
0 0 
oC: 
0: 
CL 

ici 
0 
0:-'" 

IU 
OoE 
0"" 

(/) 
a: 

.c CL 

0 

'0 ici 
0 0 

0: Z OIS 
0 
0: 
CL 

ici 
0 
0: 

1= 
0 0 
0 
a: 
CL 

16 

12 

8 
4 

o 

Figure 28. 

Log Total PAHs for Soil Descriptions 
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Figure 29. 

Log Carcinogenic PAHs for Soil Description 
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Figure 30. 

Carcinogenic PAHs by Soil Category in Shallow Soil 
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Figure 31. 

Total PAHs by Soil Category in Shallow Soil 
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Figure 32. 

Shallow Soil with Oil in Pond and Koppers Areas, Total PAHs 
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Figure 33. 

Shallow Soil with Oil in Pond and Koppers Areas, Carcinogenic PAHs 
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Figure 34. 

Shallow Soil with Oil in Pond and Koppers Areas, Benzene 
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Figure 36. 

Benzene Concentrations by Soil Description, Shallow and Deep Soil 
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Figure 37. 

Carc. PAH Histogram, Samples vs. Similation 
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Figure 38. 

Frequency of Samples by Soil Description and 
Total Amount of Soil in Each Description 
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Figure 39. 

Locations of Surface Carcinogenic PAH Samples 
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Figure 40. 

Locations of Shallow Carcinogenic PAH Samples 

Voronoi Tesselation Showing Areas Closest to Each Point 
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Figure 41. 

Locations of Shallow Benzene Samples 

Voronoi Tesselation Showing Areas Closest to Each Point 
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Figure 43. 

Probability Distribution Fits for Surface CPAHs in NWN Area 
Best Fits Using Empirical Smoothing (solid) and Parametric (dotted) 
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KEY TO BORING LOGS 
ISou ClaSsmcatlon 1D tills repon IS. based upon V1Su~ and manu~ heJ.d ,observations wmcb mcluae mOISture, consIStency, plaSUClty 
and grading estimates and should not be construed to imply field or laboratory testing unless presented herein. Soils are 
classified in accordance with the Unified Soil Classification System. Stratigraphic boundaries are approximate representations 
only. No warranty is provided as to the continuity of soil strata between borings. 

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) 

MAJOR DIVISIONS 

GRAVELS Clean Gravels 
With Little or 

GROUP SYMBOLS TYPICAL NAMES 

GW Well Graded Gravels, Gravel-Sand Mixtures 

COURSE 
GRAINED 

SOILS 
l ____ N::o~F:in::es~ __ J[~~~~IIIIIIIIIr::~~::~~::~~~~~~~~::~~~~~~~ More Than Half the GP Graded Gravels, Gravel-Sand Mixtures 

Course Fraction is 

Larger Than 
No.4 Sieve Size Gravels With Over 

More Than SANDS 
Half is 

Larger Than 
#200 Sieve More Than Half the 

Course Fraction is 

12% Fines 

Clean Sands 
With Little or 

No Fines 

GM 

GC 

SW Graded Sands, Gravelly Sands 

SP Graded Sands, Gravelly Sands 

SmallerThan ~--------------~-------+~~~~+---------------------------------------------1 
No.4 Sieve Size Sands With 

Over 12% Fines 

SILTS M"'D CLAYS 

FINE 
GRAINED 

SOILS 

More Than 
Half is 

Smaller Than 
#200 Sieve 

Liquid Limit Less Than 50% 

SILTS AND CLAYS 

Liquid Limit Greater Than 50% 

HIGHLY ORGA.N"IC SOILS 

LEGEND FOR BORING LOGS 

Blank Casing 

~~~~~~Slotted Screen 

11111 II Cement Grout 
Concrete 

Bentonite 

Updated: 712J98 RBE 
File: Boring Log Key 

SM 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

Pt 

Sands, Poorly Graded Sand-Silt Mixtures 

~ IJlorl:aJ~c Silts and Very Fine Sands, Rock Flour, Silty or 
Sands, or Clayey Silts with Slight Plasticity 

10.!gnLOr!~!.c Clays ofLo", to Medium Plasticity, Gravelly Clays, 
Silty Clays, LeaJO Clays 

,"'lnOllYaruc Silts, Micaceous or Diatomaceous Fine Sandy or 
Elastic Silts 

~~~InOlrl!anic Clays of High Plasticity, Fat Clays 

Organic Clays of Medium to High Plasticity, Org~£ Silts 

Peat aJOd Other Highly Organic Soils 

ABBREVIATIONS 

NA Not Applicable 

ND Not Detected Above Detection Limit 

NS Not Sampled 

PAR Polynuclear Aromatic Hydrocarbons 

ppm Parts Per Million 

SPT Standard Penetration Test 

Measured Static Water Level in Well 

Estimated Water Level During Drilling 
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& ASSOCIATES, INC. 

SOIL BORING NUMBER B·l 

~~~~~ ______________ -4~~~~~ ______ ~~~ ____________________ ~DRILL 

~ ... r::l C:::J:::: .... en 
""'...:I ~r:J r::l z- o..c:c 
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::E::s ~ 0r::l 
~O <~ 

rI.l Z 
Q 

< 

Updated: 9/1198 RBS 
File: 2708 B-Ol 

r:J 
0 
<~ c.. I: 
rI.l Co Q Co 
<~ 
r:J 
::t 

rI.l 
>-~ ::... '" ~::z:: c=~ ~~~ r:::Jc= rI.l-a 

r:J ~ Co >r:J 0-
C=~E- o£ 
c:co r:::J_ 
;:5 .... c= 

em 
Sandy GRAVEL - brown, dry, very dense 

Sandy SILT - brown to yellow, moist, very stiff, slightly plastic, 
no hydrocarbon odor, no sheen 

Sandy SILT - brown to yellow, moist, stiff, slightly plastic, slight 
hydrocarbon odor, no sheen 

Concrete encountered at 8.5 to 10 feet bgs. 

I·~"""'·"U Silty SAND with Gravel- wet, medium dense, very strong 
hydrocarbon odor, sheen, hard black. material (lampblack?) from 
11 to 11.5 feet bgs 

., .. , 

Silty GRAVEL - olive gray, wet, dense, strong hydrocarbon 
odor, no sheen 

SAND - black, wet, medium dense, poorly graded, strong 
hydrocarbon odor, no sheen, appears to be saturated with 

SP oily substance 
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IHAHN & ASSOCIATES. INC. 

1434 NW Sixth Avenue 

1"ortland, Oregon 

(503) 79~117 

PROJECT: 

iNorthwest Natural Gas Co. 

Gasca Facility 

10, .1 .• .1 Oregon 

iPRClJECT #: 2708 

E-< 
Z t:l 

* t':;J C) 

4~ C::JC:: <-...:IC::J C::J z- c.,Q:l ::E 
c., :: 

OES u.l -::E::E ~ Q 2: °ril ~O <::l <~ 

U)z C::J 
co :z:: 
<: 

~ 

l'~ B1-09 15:20 

24.6 

d 
j 
l~~ B1-10 15:30 20.6 

~~ 

, 

, 

, 

Updated: 9/1198 RBS 
File: 270B B-01 

u.l '" ~:z:: 
::l<-u.l c., E 
C::J...:I Q, ...... < Q, 

;;~-

j~ 

21 

-

SOIL BORING NUMBER B-1 

HAl T flrJ!1<'~· RobEde I DRILL DRILL 

~A.Ml>UNG Mt;Tl1UU: 3" OD Split Spoon/4" OD C-"re Barrel I START FINISH 

mm .UNG M.t;Tl1UU: 4 114-inch ID Hollow Stem Auger Time: Time: 

EQUIPi\<lliNT TYPE J3~_ Mobile Drill 13:55 15:35 

n~n.T.1<'~· Brad James Date: Date: 
nRILLING CONTRACTOR: r~n_'I' .... h Inc. 9/21195 9121195 

-- Ii itlUl1:i~u DIAME'!.I;!;lt: 8-inch :: z >0...:1 -.- t: oW 

.... < '" iCASING DIAMETER: Not Annli~"hl" se III ~::: ~ <-to ... E-<u.l 
~ = >~ ~&5 iSURFACE ELEVATION: ~0.1 feet msl 0- :z:: 

- III OE-< t i ..0 ... E-<::l iTO~ OF r.A!,;TNr. ELEVATION: Not -" _1. 
~o Oz; 

U)~ 

~~ 
C::J_ r:.J 
c:: S Q 

U) 0 SOIL DESCRIPTION 

6 40 = SAND - black., wet, dense, strong hydrocarbon odor, wood 
:21 

;:::::: 
SP fragments present at sand-silt boundary -

! = 
:22 = r- Continuous core barrel sampling device used to collect soil 

i= 
samples from 20.5 to 24.5 feet bgs 

:23 ~ row-
~ SILT with some Sand - olive gray, wet, slightly plastic, mild 

24 petroleum hydrocarbon odor, no sheen 

i 

'25 

Installed a 2-inch diameter 0.010-in~h slotted stainless steel 

26 well screen at 20 to 23 feet bgs. Purged twelve gallons of 
water using a peristaltic pump prior to groundwater 
sampling, GROUNDWATER SAMPLE (270B-950921-BWI-

:27 
01) collected at 17:30 hrs, 9121195. Well point was removed 
prior to abandonment. 

28 

29 Drilled to 25 feet bgs 
Sampled to 24.5 feet bgs 

30 
* Sample Number Prefix is 2708-950921-

31 
, 
,32 

33 

~3~ 

,35 

j 

36 
, 

37 

38 

39 

40 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

IP(,rtlan,:I. Oregon 
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Updated: 911198 RBS 
File: 2708 B·02 
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SOIL BORING NUMBER B-2 

SP 

SP 

Page lof2 

FINISH 

Time: 

10:15 

Date: 

9/27/95 

moist. organic matter (surface 

Silty SAND with some Gravel· green to gray. moist, no sheen. 
organic matter (pieces of wood) 

Silty SAND with some Gravel· green to gray, mottled, slight 
hydrocarbon odor, slight sheen, tar (pieces of asphalt) 

Sandy GRAVEL with Silt· mDist. no sheen. large pieces of brick. 
possible pieces oflampblack (hydrophobic material) 

SAND • brDwn, moist, poorly graded. medium grained, 
moderate hydrocarbon odor, no sheen 

SAND . black. moist. moderate hydrocarbon odor. no sheen, 
hydrophobic black powder is present, thin layer of silt at 15.5 
feet bgs (15·17 feet bgs) 

SAND· gray to green. moist. no sheen. black powder is no 
longer present in sample (17·17.5 feet bgs) 
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HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

IPnrlhnrl Oregon 

1(503) 796-0717 

PROJECT: 

Northwest Na7ural Gas Co. 

IGasco Facility 

Portland, Oreg~n 
iPJu"l.TF.r.'T' #: 270~ 
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[:z:JCI) 
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::E..J r::Je:: 
z- ~r::::: t:il 

o~ 
c..c:l :§ ::S::s O[:z:J <::> E-< 

~Q UJz 
c:l 
<: - B2-07 9:42 
~~ 
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B2-08 9:50 

• • B2-09 10:10 
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Updated: 9/1198 RBS 
File: 2708 B-02 
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3.1 

3.2 

V-l '" 
S:t: 
:>~-:::-
rfJ ...... = 
t:il..J c.. 
::::::=:= 
j~ 

-

SOIL BORING NUMBER B-2 

IHAI T.nr.r.'RR: RllbEde DRILL 1 DRILL 

, 

SAMPLING MJ!;2tluu: 4' OD Core Barrel START Ir}~ 

mm ·UNG METtluu: 4 1I4-inch ID Hollow Stem Auger Time: ITime: 

EQt n'TYPE B-59 Mobile Drill 8:50 10:15 

DRTI.T.ER: Brad James Date: Date: 

mHLT.ING CONTRACTOR: . Geo-Tech ....... I'.u.a~s.lnc. 9/27/95 9127195 

Z ..J >- Q) 

<: t:ilC::: :.; t:il> ..Jt:il 
::::c::: c..> :t: O[:z:J ::SO t UE-< <:U 

Z UJt:il t:il - c::: Cl 

, 

'21 

: ; 

, 
22 

: 23 

24 

25 

! 
, :~ 

i : 

'27 

'28 

29 

30 

31 

; 32 

i 

~3 

, 34 

35 

36 

37 

38 

39 

40 

Ii 
i ... ,... ... n.~ . .!l~~:R.'. 8.inch 

ICASINGnTA _N~ Ann!;,."hl .. <:~ '£~ E-<UJ 
~?A ISURFACE ELEVATION: 36.3 feet msl 
E-<::l ITOP OF CASING ELEVATION: Not 
UJ~ 

ISOIL DESCRIPTION 

SAND - gray to green, wet. poorly graded. medium grained. 
strong hydrocarbon odor, no sheen. (20-22 feet bgs) 

SP 

SAND - as above. no hydrocarbon odor, no sheen (22-24 feet bgs) 

Heaving sands encountered at 25 feet bgs - re-drill out hole to 
SP remove. 

SAND - gray to green, wet, poorly graded, medium grained, no 
hydrocarbon odor. no sheen 

Drilled to 27.5 feet bgs 
Sampled to 27 feet bgs 

• Sample Number Prefix is 2708-950927-
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HAHN & ASSOCIATES. INC. 
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Updated: 9/1198 RBS 
File: 2708 B-03 
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SOIL BORING NUMBER B-3 

SP 

SP 

SP 

SP 

Page 1 of2 

Date: 

9/21195 

SAND with some Gravel - brown, moist, medium dense, poorly 
graded, fine to medium grained, no hydrocarbon odor, no sheen 

SAND with some Gravel - brown, moist, medium dense, poorly 
graded, slight hydrocarbon odor, no sheen 

SAND - brown with gray mottling, moist, medium dense, slight 
hydrocarbon odor, no sheen 

SAND - brown, moist, medium dense, fine grained black sand at 
lower 4 inches of sample, black material has hydrocarbon odor 
and is hydrophobic (lampblack) 

SAND - brown, moist, dense, large piece of wood stained black 
stuck in end of spoon - sands directly surrounding wood are 
coated black, slight hydrocarbon odor, no sheen 

SAND - brown, dry, medium dense, poorly graded. no 
hydrocarbon odor. no sheen 

SAND - green to gray, moist to wet, stiff, poorly graded, 
moderate hydrocarbon odor, no sheen 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

iPurtiand, Oregon 

1(~796-0717 

PROJECT: 

Northwest Natural Gas Co. 

,Gasco Facility 

IPnrihnt! Oreg~ 

IPROJECT#: 2708 
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Updated: 9/1198 RBS 
File: 2708 B-03 
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SOIL BORING NUMBER B-3 

IHAl T.Or.r.RR RobEde DRILL I DRILL 

~AMPT .INr. M.ranv1J: Split Spoon START I FINISH 

nRn .T.ING lYU~;!nV1J: 4 114-inch ID Hollow St_~~Au~er Time: Time: 

EIqUl.t'M.t;1~'l:'YP~ B-59 Mobile Drill 10:30 12:30 

nRn.T.RR· ll~James Date: Date: 
nRTLUNG COt-.'TRACTOR: Geo-Tech 1:'. Inc. 9121195 9121195 

~ ..., 
>- Z 

'" '" ~ ~ ~ E-- lq r:::J 
>~ ..... 

c..~ O~ -00", E-< 
~ 0 0.. 
0 r:J r:J e ~ 0 

17 100 

17 50 21 
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3 100 

12 100 23 

14 100 
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4 100 25 

6 100 

10 100 26 

27 
4 100 

5 100 28 
5 100 

29 

30 

31 

32 

33 

,34 

35 

, 

~. 

37 

38 

_39 

_40 

i~ 
.tlUKINli DIAME'!"J<.;K: 8.inch 

CASING DIAMETER: Not Annli""hlp <~ 

Ii 
E-<OO 
~C) SURFAr.E ELEVATION: 34.1 feet msl 
.... 00 

'TOP OF r'AC::ThTr. ELEV.4..TION· Not Annl; .. ~hl" .... ::> 
oo~ 

SOIL DESCRIPTION 

SAND - green to gray, wet, medium dense, poorly graded, strong 
hydrocarbon odor, no sheen 

SP 

SAND - green to gray, wet, medium dense, poorly graded, 
strong hydrocarbon odor, no sheen, Clayey SILT in bottom 6 
inches of core 

I 
Clayey SILT, green to gray, wet,loose, plastic, strong 
hydrocarbon odor, no sheen 

SP 
SAND - green to gray, wet, stiff, poorly graded, fine grained, 
slight hydrocarbon odor, no sheen 

Drilled to 28.5 feet bgs 
Sampled to 28.5 feet bgs 

* Sample Number Prefix is 2708-950921- . 
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HAHN & ASSOCIATES, INC. 

Updated: 9/lf98 RBS 
File: 2708 B-04 

SOIL BORING NUMBER B-4 

SP 

SP 

SP 

SP 

Page 1 of2 

SAND with some Gravel - brown, dry, non-plastic, poorly 
graded, no hydrocarbon odor, no sheen 

SAND with some Gravel - as above 

SAND with some Gravel - as above, moist 

SAND with some Gravel - as above 

Project #2708 
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,HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

-u ......... u. Oregon 

(503) 796-0717 

i"PRn. 

Northwest Natural Gas Co. 

IGasco Facility 

Illn"'I~"rl, Oregon 

IPROJECT#: 2708 
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Updated: 9/1198 RBS 
File: 2708 B-04 
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SOn.. BORING NUMBER B-4 

IHAl T. 
,~ RobEde I DRILL I DRILL 

I~AMPLTNG ML.1nvu: 4' OD Core~arr~ I START Irml!:iti 

InRTT.UNG M.r..,L:nu_u: 4 114-inch ID ~ Auger Time: I Time: 

IEQUIPMEI\,'T TYPE B-59 Mobile Drill 8:20 9:40 

IDRTT .T.F.R· Brad James Date: Date: 
IDR rN(~ CONTRACTOR: Geo-Tech Explo,."tions. Inc. 9121195 9121195 

>- Z-
~ '" r::l~ r::lC:: :; ~r::l 

"""" c...> ..... 
OrJ :EO t 0 .... <:0 

::5 U)r::l r::l c:: 0 

; J 
:21 

; ·22 
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-' : 
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;26 
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: 
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i 
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: , 
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32 
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:36 
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39 

40 

II 
DIAMETER: .8-inch 

Ir.AC::TNr.~_ ~tA ",. <:~ 
E-<U) 

~?i5 :SlmF.Al"'.F. ~ ~msl 

II ITOP OF CASING ELEVATION: Not P. u .... ~ 
U)~ 

ISOIL DESCRIPTION 

SP SAND with some Gravel - as above. moist to wet 

SP 

SAND with some Gravel - as above. green to gray. wet. (25-27 
feet bgs) 

Clayey SILT - gray. moist. stiff. plastic. no hydrocarbon odor. no 
sheen (27-30 feet bgs) 

Drilled to 30 feet bgs 
Sampled to 29.5 feet bgs 

• Sample Number Prefix is 2708-950921-
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IHAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

n~)nu.rtlalnd" Oregon 

SOIL BORING NUMBER B-5 

~(5~031)~79~6-~07~1~7 ______________ ~·RM~r~.n~r.~~Ir.~R~ ______ ~~b~IE~de ________________ ~IDRILL IDR~L 

IPROu-",' I~AMPT.TNr. Mt;T.l1VU: 4' OD C~_~ ISTART IFINISH 

Northwest Natural Gas Co. ~n~RTT~ .. T~ •. I~NG·~ Mt;:::,;'T~t1V~U: __ ~ 411~4-i~nch~ID::::~' Ho~lloVl":..S~tem~.~ Au~ger ___ -1Time: ITime: 

I,..----Facili·ty I~OTTTPl\~>.T"' 'T'VDl<' t> "" U_'-,,_ ",-:11 13:35 I'-"C";U I~""VU ••• ~.IT • U"-""- u· ... " muuu", J,JU" 14:50 

Ip~_l~~.l Oregon InRTT.r .~R Brad JaIIles Date: 
~lp~ROJE~C~T'7.! #:~-?7ri 270;;--8-----tI*D,.R~ .. ,TT~~.1~ •• I~.NG,m COl\i\TTI"TRA?A"rCTTmO~;:-~Geo~-Tec~h~~;;J.ou:;;;.~;;t;;;;;;;;-]I~nc.----~ 9/28/95 

Date: 

9/28195 

~ nl~~V'~~~~~I~~~DL~~~'~~~~~~n~~ __ ~~~~~. ________ ~ 

~ r;:J ~ ~ ~ « ~ ICASINQnTA ~ ~ A " 

~ ~ c: g: ~ ~ ~ ~ I"'TTt>l<'A"~ ELEVATION: 36.1 feet msl o ril ~ 0 17 c:: rt.l I"'-':'.'''=~ 
U ~ d3?;5 ~ i ~ b; 2 ITOP OF CASING ELEVATION: Not u. 

c:: Cl:~ 
l...;l ISOIL DESCRIPTION 

~ 
~~~~~---------1A----------1 

~r~B5-0~2--13:40--31"9------+-'~-':~ 
~~----+---5 

9 

10 , , 
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i 
i 12 
, 

, 
~~~r-________ ~,3~.8 ______ -4 __ -+~1~3~ 
~ ........ "\). 

~ ______________________ r-~ __ 14 
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i 

B5-05 • 14:08' 16 

4.3 

_,17 

SP 

SP 

SP 

~~~B=-5-06~1==4:10~ ______ -+ __ ~! ~MLl 

Updated: 9/1198 RES 
File: 2708 B-05 

4.9 

20 ~ 

Page 1 of2 

Silty SAND with some Gravel - brown, wet, no hydrocarbon 
odor, no sheen, (surface) 

SAND with some Gravel - brown, slightly moist, loose, non
plastic, poorly graded, medium grained, no hydrocarbon odor, no 
sheen 

SAND with some Gravel - as above, moist 

SAND with some Gravel - as above, moist 

SAND with some Gravel - as above, hydrocarbon odor, (15-17 
feet bgs) 

S~T - green to gray, moist, hydrocarbon odor, sheen, wood 
fragments, (17-17.5 feet bgs) 

SAND - green to gray, moist,loose, slight hydrocarbon odor, 
no sheen, (17.5-19 feet bgs) 
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HAHN & ASSOCIATES, INC. 

:434 NW Sixth Avenue 

u .. , Oregon 

:(503) 796-0717 

:PRO-,~ 

INonll"':~' Natural Gas Co. 

Gasco Facility 

Por+l~n~, Oregon 

IPROJECT#: 270B 
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Updated: 9/1198 RES 
File: 2708 B-05 
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SOIL BORING NUMBER B-5 

iHAI T ,...,.,,.,"'.,. Rob Ede I DRILL I DRILL 

;~A MPT .mr. Ml:;TJ:iUU: 4' OD Core Barrel I START WINISH 

inRTTUNG Ml:;TJ:iUU: 4 1l4-inch ID Hollow Stem Auger ITime: ITime: 

I EQUIPMENT TYPE B-59 Mobile_Drill 13:35 14:50 

InRTTT"RR Brad Jame.s I Date: IDate: 
InRTT UNG CONTRACTOR: Geo-Tech~ u~u~, Inc. 9/28/95 9/28/95 

...::: >- 2 
t":JZ! OJ 

r::l:; ~ "':::r::l 
"""" c:...> -O~ :80 ... 

~ OE-< <:0 
Z r:t:lt::l C:J ... c::: 0 
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I~ ·nTAMETER: 8-inch 

CASING DIAMETER: Not Applicable j <~ E-<r:t:l 

~?;5 !SURFACE ELEVATION: ~6.1 feet msl 

ITOP OF ~A~TNr.E;LE'-y~T~: ~t ~plicable 

I~ 
E-<::> 
r:t:l~ 

ISOIL DESCRIPTION 

SP 

SAND - green to gray, wet, loose, medium grained, no 
hydrocarbon odor, no sheen 

Installed a 2-inch diameter O.010-inch slotted stainless steel 

E;; well screen at 25 to 28 feet bgs. Purged 5 gallons of water using 

~ SP 
a peristaltic pump prior to groundwater sampling. 

== GROUNDWATER SAMPLE (2708-950929-BW5-01) collected at 

E; 
8:00 hrs, 9/28/95. Well point was removed prior to 
abandonment. 

~ 1= 

~ 
~ SAND - as above, alternating thin sand and silt beds in 4 inch !::: 

I 
layer above massive silt 

SILT with some Clay - green to gray, moist, stiff, plastic, no 
hydrocarbon odor, no sheen 

Drilled to 30 feet bgs 
Sampled to 30 feet bgs 

* Sample Number Prefix is 2708-950928-
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SOIL BORING NUMBER B-6 

SP 

GRAVEL - old pavement at surface 

SAND - brown, slightly moist, medium dense, poorly graded, 
fine to medium grained, no hydrocarbon odor, no sheen, (2.5-3 
feet bgs) 

IIII Sandy GRAVEL - black, dense, pieces oflampblack 
(hydrophobic in water), no hydrocarbon odor, no sheen, (3-4 feet 
bgs) 

SP 

SP 

SP 

Page 1 of2 

Sandy GRAVEL - gray, moist, loose, no hydrocarbon odor, no 
sheen 

SAND with Gravel and Brick - black, moist, medium dense, 
grains stuck together by tarry substance, strong hydrocarbon 
odor, strong sheen 

Large Rock in end of sampler - blue matrix, concoidal fracture, 
specimen retained 

Weathered Brick in end of tube - moist, stiff, no hydrocarbon 
odor, no sheen 

SAND - brown, slightly moist, loose, fine to medium grained, 
gravels from 16-16.5 feet bgs, no hydrocarbon odor, no sheen 

SAND • as above, no gravel 
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I HAHN & ASSOCIATES. INC. 

434 NW Sixth Avenue 

Portland. Oregon 

(503) 796-0717 

Pl?O.W.r.T: 

Northwest Natural Gas CO. 

Gasco Facility 

Portland Oregon 

IPROJECT#: 2708 

E-< z 
r.lrn * 
::E-J 

t";:;Jt:::: 
...:It";:;J r,;;j z- c..c::l ::8 0:0=: ::8::8 0"" E= r,;;j ~:::> :§o OOz 

~ 
<: 

~ 

, B6-05 12:20 

B6-06 12:25 

~ 

- B6-07 12:30 

~~ 

~ B6-08 .12:35 

: 
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I 

Updated: 911198 RBS 
File: 2708 B-06 
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r,;;j 
v 
~~ c.. ;; 
rn -
Q §: 
~~ 

r.l 
:r:: 

9.4 

8.3 

9.2 

9.8 

g':l\F) 

::3= 
:::>:;::~ 
\F)-a 
t";:;J...:I c. 
:::~= 
::l""" 
5~ 

SOn. BORING NUMBER B-6 

IHAl T .onnF.R, RobEde I DRILL iDRILL 

SAMPLING .l\!I.J:;THU.!l: 3"OD Spli~~4· OD Core ~ I START l.t'lNl::>H 

DRTI .LING ~THOQ:. 4 1I4-inch ID Hollow Stem Auger Time: Time: 

1~1o/ 'n'~ITTYPE B-59 Mobile Dril~ 11:15 12:35 

DRTI.T.F.R Brad James Date: IDate: 
InRn TNn CQ_~CTOR: Geo-Tech Explorlltinn~ Inc. 9/27/95 9127195 

~- .... -
I~ 

iI.>IAME~: ~in~h ;; c:! o III ~ 

.- 1: ~1: 
.... 
'" 1f'AC::TNr..~ ~A se '" ~ '" ~ ~~ rn ..., ~"';::: E-<~ ~ ;; »..:: ISURFAC~ ELEVATION: 34.7 feet msl ::c 

II 
~oo 0- .. CI> - '" t ~ .. ~Q. E-<:::> ITOPOF CASING ELEVATION: Not A 

u 
~o 

8 a 00-E-<U r.l 
c.. .. '" III 0 
00 0 C::oo ISOIL DESCRIPTION 

: ! 
21 
, SP 

.22 SAND - green to gray, wet. poorly graded, fine to medium 
, graded, no hydrocarbon odor, no sheen 

'- .23 
Sandy SILT - green to gray, stiff, slightly plastic, slight organic 
odor (anaerobic degradation). no sheen, sand content decreasing 

: '24 with depth 

25 

'26 

: ;27 
Sandy SILT - green to gray, wet, slightly plastic, no 
hydrocarbon odor, no sheen . 

;28 
: 

'29 
: 

30 

Drilled to 30 feet bgs 

31 Sampled to 29.5 feet bgs 

32 
• Sample Number Prefix is 2708-950927-

33 

34 

35 

36 

37 

38 

39 

40 
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& ASSOCIATES, INC. 

SOIL BORING NUMBER B-7 

~~~~~ ________________________________ ~~~~~ ________ ~~~ ____________________ ~DRILL 

START 

~~~~~~~~ ____ ~~~~~~~~~~~ ______ ~TUne: 
13:30 

Date: 
~~~~~E--=:7""-----------I~~~~===-:---===:--~~~~;--:--.---=--------I 9/27/95 9127195 

.... z 
* ~~ e::J= ....Jt';:;J z- c..Q 0< :E:E 0 .... 

Zril <::l <0 Ul Z 
ttl 
< 

Updated: 9/1198 RBS 
File: 2708 B·07 

t';:;J 
C,) 

~~ C::J c.. E :E Ul c.. 
E=: 0 c.. 

~~ 

t';:;J 
:= 

SP 

SP 

SP 
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SAND • brown, slightly moist, loose, poorly graded, fine to 
medium grained, no hydrocarbon odor, no sheen 

SAND· as above 

SAND - as above, some pebbles, moist, no hydrocarbon odor, 
slight sheen 

. .., 

SAND - as above, moist, no hydrocarbon odor, slight sheen 

SAND - as above, moist, no hydrocarbon odor, no sheen 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

1(503) 796·0717 

I PROJECT: 

NI Natural Gas Co, 

Gasca Facility 

Pn..tl~nrl Oregon 
IPRn.r'.-r.T #: 2708 

"" Z C::l 
r.l * U 
~:3 ~= <-z- ....JC,J C::l c.. ~ 

:::"c:l ::E 00 c: 0< ::E::E o §: 0"" -Zr.l <::> ..... <~ 

<0 oo Z ril 
C!l ::t: 
< 

~ 

, B7-06 14:10 

8.4 

B7-07 14:12 

:1 6,6 

:l 
i~ 

I 
~ B7-08 14:20 

~ 5_2 

B7-09 14:30 6.4 

Updated: 9/1198 RBS 
File: 2708 B-07 

: 
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C=::~3-
::::lO 
:5E-< 

SOIL BORING NUMBER B-7 

IHAl LOGGER: RobEde DRILL I DRILL 

ISAMPLING ML.1nv.I.J: 3" OD Split Spuu.J4"OD Core Barrel START IFINISH 

Imm .T,INGMETHOD: 4 1J4·inch ID Hollow Stem Auger Time: I Time: 

IEQl n'TYPE B-59 Mobile Drill 13:30 14:30 

InRTT ,T.F.R' Brad James Date: Date: 
InR' ,lNGC()~TR.AC'I'()!t: Geo-Teen EAp.u.dtill~,Inc, 9127/95 9/27/95 

II 
!)Vrl.U'ju DIAME'1'.I,;l{: 8-inch -- ~...:l ~ <:: Z ,= i: ~< Q) 
C.AC:TNr. DIAME'a;,tt: Not AnnH,."hl,. 

to '" ><> ~ <~ "W-:: =:c:: ..... 00 
SURFACE ELEVATION: 36,1 feet msl ~..:: C,JC,J - ~~ .£ '" -> ..... '-< 

I~ TOP OF rA C:TNC! ELEVATION: Not Applicable .J:J ... OZ c.. E-<:::> 
~ 0 oo~ 

E;:U u- I'il 
I'il ... 0 ~ 00 5 c::: 0 SOIL DESCRIPTION 

i ~ 
21 

.~ 
SAND - brown, wet, poorly graded, medium grained, slight 

SP hydrocarbon odor, DO sheen, (20-21 feet bgs) 
: 

22 

23 SAND - green to gray, wet, poorly graded, medium grained, no 
hydrocarbon odor. no sheen, (21-25 feet bgs) 

, 

24 

,25 

: 26 
SP 

; 27 

28 SAND - as above 

:29 

~ • 

SILT - green to gray. moist. stiff, plastic, no hydrocarbon odor. 
no sheen. some brown organic matter 

'30 

31 

Drilled to 30 feet bgs 
32 Sampled to 29,5 feet bgs 

,33 • Sample Number PrefIX is 2708-950927· 

34 

35 

36 

37 

38 

'39 

40 
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& ASSOCIATES, INC. 
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Updated: 9/1/98 RBS 
File: 2708 B-08 
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SOIL BORING NUMBER B-8 

Silty GRAVEL - brown, moist, loose, non-plastic, slightly 
graded, no hydrocarbon odor or discoloration, spotty sheen 

Silty GRAVEL - brown, dry. loose. non-plastic, slightly graded. 
no hydrocarbon odor or discoloration, spotty sheen 

Silty GRAVEL - as above, wet, medium dense 

Sandy GRAVEL - brown, moist, medium dense, non-plastic, 
poorly graded. no hydrocarbon odor, no sheen. large pieces of 
slag in sampling tube 

SAND - gray, wet, medium dense, non-plastic. poorly 
graded. fme grained, mild hydrocarbon odor. no sheen 

Note: Change to 1.5" Split Spoon sampling device 

SP SAND - gray, wet, loose, non-plastic, poorly graded. medium 
grained, mild hydrocarbon odor. no sheen 

1>7.-==-1 Sandy SILT - gray. wet, soft. slightly plastic, no 
hydrocarbon odor. no sheen 
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HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

u, Oregon 

1(503) 796-0717 

PRO· 

I~u". Natural Gas Co. 

Gasca Facility 

iDu,tland. Oregon 

I~JECT#: 2708 
,.... 
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B8-10 11:45 5.1 

• ~ 
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Updated: 9/1198 RBS 
File: 2708 B-08 

gJrJ) 

::3= 
:::><~ 
UJO-tE 
(:J..J Q, ,.... < Q, 
;;E-<~ 

:s~ 

SOIL BORING NUMBER B-8 

HAl T .Or.r.F'R· RobEde DRILL I DRILL 

~AMPUNG lVlETl1UU: 1.5" 13" OD Split Spoon_ START I FINISH 

'n'RTT.T.TNr. Mr.niOu: 4 1I4-inch ID!:Ioll~t~A~2" Time: ITime: 

iEQUIPMENT TYPE B-59~Drill 9:30 12:10 

inRTT.TFR: Brad-!~ :Date: IDate: 
Imm.T.TNr. CONTRACTOR: Geo-Tech ~~".u."_u.~, Inc. 9/18195 9/18195 

Z ~ I~ ,DIAMETER: 8-inch 
OJ >- ..., 
~ ~ 

OJ 
<~ ICASINGDL '~n: Not A ;~~hl" 

• It:l (:J ~ 

II 
E-<rJ) 

E:~ >~ ;5v ISURFACE_E~ ~. == rn tIJ o~ .... E:::~ ITOP OF ~~t~pl~cable :: Co) 0.. 
0 [;:;J [;:;J rn~ 

a ~ 0 
Ison.. DESCRIPTION 

1 100 ~ SAND· gray, wet, very loose. non-plastic, poorly graded, 
1 100 '21 ~ moderate petroleum hydrocarbon odor, slight sheen 

2 . 100 ;::::: SP 
22 ~ ~ 

== 2 100 .23 
== lIt 2 100 ~ 

Silty SAND - dark gray, wet, very loose, non-plastic, poorly 

4 100 24 
r graded, fine grained, mild petroleum hydrocarbon odor 

11 25 

1 100 

2 100 .26 Silty SAND - as above 

3 100 

27 Installed a 2-inch diameter O.OIO-inch slotted stainless steel 
well screen at 20.5 to 23.5 feet bgs. Purged two gallons of 

28 water using a &eristaltic pump prior to groundwater 
sampling. GR UNDWATER SAMPLE (2708-950918-BWB-
01) collected at 11:30 hrs, 9/18195. Well point was removed 

29 
prior to abandonment. 

.30 

Drilled to 26.5 feet bgs 

31 
Sampled to 26.5 feet bgs 

32 
* Sample Number Prefix is 2708-950918-

33 

34 

35 

36 

37 

38 

39 

40 
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& ASSOCIATES, INC. 

SOIL BORING NUMBER B·9 

~~~~~ ________________ ~~~~~ ________ ~~~~ __________________ ~DR~L DRILL 

Updated: 9/1198 RES 
File: 2708 B-09 

START 

See boring log B-9A for 0 to 5 foot soil description. 

SAND with some Gravel - black, dry, medium dense, very strong 
petroleum hydrocarbon odor, all pores filled with tar-like 
substance throughout 

SAND with some Gravel - as above, dense, large piece of gravel 
in end of sampler 

SAND with some Gravel - as above, moist, dense 

Silty SAND with some Gravel - brown, moist, medium 
dense, poorly graded, strong petroleum hydrocarbon odor, 
some tar-like blebs 

Silty SAND with Gravel - brown with black mottles, dry, 
medium dense, tar-like substance mottled throughout, 
strong petroleum hydrocarbon odor 

SAND with some Gravel - black, very dense, possible 
lampblack 
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HAHN & ASSOCIATES, INC. 
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Updated: 911198 RES 
File: 2708 B-09 
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SOIL BORING NUMBER B-9 

SP 

SP 

38 

39 

40 

Page 2 of2 

Date: 
9/18/95 

SAND - black, wet, very loose, poorly graded, fine to medium 
grained, slight petroleum hydrocarbon odor 

SAND with some Gravel - black, wet, very loose, slightly graded, 
medium grained, strong petroleum hydrocarbon odor, strong 
sheen 

Silty SAND - gray to black, wet, mild petroleum hydrocarbon 
odor, sheen 

Silty SAND - dark gray, wet, poorly sorted, petroleum 
hydrocarbon odor, slight sheen 

SAND - green to gray, wet, poorly graded, fine grained, no 
petroleum hydrocarbon odor, no sheen . 

Drilled to 35 feet bgs 
Sampled to 35 feet bgs 

• Sample Number Prefix is 2708-950918-
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT#: 2708 

E-< 
Z 

* ~~ r:J:::: 
....:lC::! C::! z- c...Q :a O~ 

Q' :a:a E= 
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r:IlZ 
Q 
<: 

til .g-
5 
.!i B9A·Ol 14:00 
'2 B9A·02 .14:02 

~~ B9A·03 14:05 

Updated: 9/1198 RBS 
File: 2708 B·09A 

, 

C::! 
C,.) 
<~ 
0.. :: 
r:Il -o §: 
<~ 
C::! 
::t: 

614 

274 

V-lr:ll 
t-< ..... 
....:l-
::>£~ 
r:Il 5 
C::! ~ Co 
c:::: Co 
QE-<~ 

:s~ 

-
-
. 

, 
i 

SOIL BORING NUMBER B-9A 

HAILOGGER: RobEde DRILL DRILL 

SAMPLING METHOD: 4" OD Core Barrel START FINISH 

DRILLING METHOD: 4 lf4·inch ill Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B·59 Mobile Drill 14:00 14:20 

DRILLER: Brad James Date: Date: 

DRILLING CONTRACTOR: Geo·Tech Explorations, Inc. 9/18/95 9/18/95 

~ 
c:::: BORING DIAMETER: g·inch 

....:l ><....:l .... tiJ 
Q) E-< CASING DIAMETER: Not Applicable C::!~ c::<: ~ <: <:~ 

C::!> s: E-<r:Il 
C::C:: >c:::: ~~ SURFACE ELEVATION: 31.6 feet msl :z:: Q 
OC::! OC::! b: z E-<::> C,.)E-< UE-< ::J TOP OF CASING ELEVATION: Not Applicable 

25 c::!z C::I 0 
r:Il~ 

c::- 0 c:::: 
c SOIL DESCRIPTION 

i 
, 

'1 

t 
SP Gravelly SAND· black, dry, strong petroleum hydrocarbon odor, 

:2 
saturated with tar·like substance throughout 

;3 

4 Note: Stopped drilling at 14:20 due to lack of soil recovery from 
5 to 15 feet bgs. Relocate to boring B-9. 

;5 

6 

'7 Drilled to 15 feet bgs 
Sampled to 3 feet bgs 

'8 ·Sample prefIX is 2708-950918· 

:9 

10 

:11 

. 
. 12 

.13 

.14 

15 

'16 

17 

'18 

19 

20 
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HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

Portland. Oregon 

1(503) 796-0717 

IPROJECT: 

• u ..... Natural Gas Co . 

Gasco Facility 

Portlan_d, Oregon 

PRO~#: 2708 

~ 
C=l * r_"\ ~ 
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~o OOz 
:::l 
< 

~ 
IB 
IB1~1 12:10 
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I 
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• 
Updated: 9/1198 RBS 
File: 2708 B-lO 

r:J 
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::l 2: 
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:-' -...:l-
::><~ 
rnc..E 
r:J...:l Co 

~~E-
-0 
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ND 

SOn.. BORING NUMBER B-IO 

IHAlT ,...,...,.,.,. ... Rob Ede I DRILL DRILL 

ISA¥PT.TNr. ~n1UU: 4" OD Core Barrel I START FINISH 

InRTT.T.ING ME'H1UU: 4 If4-inch ID Hollow Stem Auger_ Time: Time: 

I J:;1quU'''J.YU,Nl' TYPE B-59 Mob~ Drill 11:50 12:50 

iDRIJ..LER: _BradJam~ Date: Date: 
ImmUNG COl'."'TRACTOR: Geo-Tech F .... nl,,~~t;~n< Inc. 9/25/95 9125195 

::; I~ IlSUKINu DIAMETER: 8-inch 
...:l >- '" ICASING DIAME'fER: Not Annli~"hlp 

r:J~ C:J::::= <~ ~ Ii ...:lr:J ~oo 
0::0:: c...;> • C,) iC::TTRF4CE ELEVATION 35.2 feet msl ::c ::5 00 O[:J ::80 ~ E=:::> ITOP OF r.A~TNr. ELEVATIOf\" Not Annl;""hlp C,)E-< <C,) ~ I~ ~ oor:J r.n~ 

c:: 0 
ISOIL DESCRIPTION 

1 

2 SP 

3 

4 SAND - brown, dry, poorly graded, medium grruned, no 
hydrocarbon odor, no sheen 

5 

6 

7 
SAND with some Pebbles - brown, moist, poorly graded, medium 

8 
SP grained, no hydrocarbon odor, no sheen 

9 

10 

11 

' .. 
12 

SAND .. brown. slightly moist, poorly graded, medium grained, , 
SP no hydrocarbon odor, no sheen, slight froth via sheen test 

13 

14 

15 

: 
, 

16 

17 SAND .. brown, moist, hoorly graded, medium grained, no 
hydrocarbon odor, no seen 

18 
SP 

19 
; 

20 
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IHAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

IGasco Facility 

iPn .... bnrl Oregon 

!PROJECT#: 2708 
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SOIL BORING NUMBER B-IO 

IHAl T .Or.r.F.R Rob Ede I DRILL I DRILL 

ISAMPLING Mt:'l'.HUlJ: 4".OD Core Barrel I§TART Il'LJ'oIL::stt 

I nRTI.I .INr. Ml!:TtlUlJ: 4 Il4-inch ID Hollow Stem Auger ITime: Time: 

IEQUlfMENT_T!P~ . B-5~ Mobile Drill 11:50 12:50 

InRTT.T.RR· _B~~James IDate: Date: 
InRTI.T .INr. CONTRACTOR: Geo-Tech ~,...u.~_u_, Inc. 9/25/95 9/25/95 

~ 

..:l >- .... ., 
<: riJC:: 

~. ~> ..:ltil 
ll::c:: P..> -o til :EO t U~ <:Q 
~ rI.ltil ~ 

ll:: Q 

, I 
i21 , : 
i22 

i 
:23 

,24 

25 

.26 

;27 

. 
:28 

'29 

'30 

31 

:32 

'33 

'34 

!35 

,36 

37 

38 

'39 

,40 

:~ 
: DIAMETER: 8-inch 

CA!=:TNn DIAMETER: NotA <~ I; ~U) 

;SU 'SURFACE ELEVATION: _35.2 feet msl 
..... U) 

TOP OF r.A!=:TNr. ELEVATI()N:N ot.A nnl;,."hl .. E-<::> 
U)~ 

I~ 'SOIL DESCRIPTION 

~ 

I~ 
SP 

SAND - green to gray, wet, poorly graded, medium grained, no 
hydrocarbon odor, no sheen 

Drilled to 25 feet bt 
Sampled to 24 feet gs 

• Sample Number Prefix is 2708-950925-
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SOIL BORING NUMBER B-ll 

SP 

SP 

SP 

SP 

Page lof2 

Silty SAND with Gravel - brown, moist, no hydrocarbon odor, no 
sheen 

SAND - brown, slightly moist, medium dense, poorly graded, 
medium grained, no hydrocarbon odor, no sheen 

SAND - dark gray, moist;medium dense, poorly graded, 
medium grained, hydrocarbon odor, sheen 

SAND - dark gray, moist, loose, poorly graded, medium grained, 
hydrocarbon odor, sheen 

SAND - as above, gray to black, strong hydrocarbon odor, strong 
sheen 

SAND - as above, strong hydrocarbon odor, strong sheen 

SAND - as above, moist to wet, strong hydrocarbon odor, 
strong sheen, brown product and froth fonned when water 
was added to sample 

Project #2708 
HAHN AND ASSOCIATES,INC. 

Koppers022553 



HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

[portland, Oregon 

(503) 796-0717 

PRO,W.r.'I': 

Northwest Natural Gas Co. 

Gasco Facility 

iPortland Oregon 
fppi)·w.r.'I' #: 2708 

E-< z 
* "'"Cl.l r:l~ :;;..J ..Jr:l 

"'" z- c..a:1 :E O~ 
Clt:J ~:E E:: 
~Cl Cl.l~ 

Z 
I:Q 

< 

~ r; Bll-08 11:10 

:~ 
.~ 

;J BI1-09 11:15 

~ 
~ 

Bll-iO 11:20 

~ 

I 
B11-11 11:25 

Bll-12 11:30 

_ 011·13 11:40 

Updated: 9/1198 RBS 
File: 2708 B-ll 

ril 
0 
<~ 
c.. S 
Cl.lo. 
00. <-
ril 
:r: 

17.1 

2.1 

0.4 

0.7 

0.5 

0 

Cl.lCl.l 
5:r: 
::>c::~ 
Cl.l S 
r::I...l 0. 
~ ~ 0. 

E-<~ 
a:1 0 
jE-< 

1.1 

-

SOIL BORING NUMBER B-ll 

IHAlT Rob Ede DRILL DRILL 

.c::AMPT.TNr.LV~n1uu: 3" OD Split Spuu!"4" ()D Core Barrel START FINISH 

nRTT.T .TNC: M~Tt:1UU: 4 1J4-inch ID Hollow Stem Auger 'Time: Time: 

[~lqult'~rlT TYPE B-59 Mobile~rill 10:30 11:40 

inRTT.LRR, Brad James Date: iDate: 
InRTTUNG ~~CTQf{: _ Geo-Tech "'-r ••• \~~'- 9128/95 9128195 
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SOIL DESCRIPTION 

SP 
SAND - as above, wet, (froth no longer present) 

SAND - as above, no hydrocarbon odor, no sheen 

SP 

SAND - as above, hydrocarbon odor and sheen from 25' to 27' 
bgs 

SAND - as above, no hydrocarbon odor, no sheen 

SILT - green to gray, moist, stiff, no hydrocarbon odor, no sheen 

I': 

SILT - as above '" 

Drilled to 32 feet bgs 
Sampled to 32 feet bgs 

* Sample Number Prefix is 2708-950921· 
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SOIL BORING NUMBER B-13 

SP 
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SP 
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SAND - brown, moist, loose, poorly graded, medium grained, no 
hydrocarbon odor, no sheen 

SAND - olive gray, moist to wet, saturated with hydrocarbon 
product, strong sheen throughout core 

SAND - black, wet, loose, saturated with hydrocarbon product, 
wood fragments at sand/silt interface 

Sandy SILT - olive gray, moist, hydrocarbon odor, slight sheen, 
roots present, (11-11.5 feet bgs) 

SAND· olive gray, moist, loose, poorly graded, medium grained, 
no hydrocarbon odor, no sheen 

SILT - green with brown mottling, orange spots present 
throughout, stiff, black oily tar fingering through via root 

SILT - as above, black tar fingers not present, no sheen 
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HAHN & ASSOCIATES. INC. 
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1 PROJECT: 
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Gasco Facility 
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SOIL BORING NUMBER B-I3 

IHAl LOr.r.F.R _~E~ 1 DRILL I DRILL 

ISAMPLING m uiUj): 4' 00 Core Barrel I START i!'"ll'/l:;H 

inRlT.I .ING LVl.e.lnuu~ .4 1I4·inch ID Hollow Stem Auger Time: ITime: 

IE9UIP~l'lT TYPE B·59 Mobile Drill 12:10 13:00 

InRTIJ.F.R· Brad James Date: Date: 
InRILUNG CONTRACTOR: Geo-Tech "'. , Inc. 10/6195 10/6195 
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SOn.. DESCRIPTION 

= I 
SILT - brown, moist, stiff, slightly plastic, no hydrocarbon odor, 
no sheen 

SP 
SAND . brown, wet, poorly graded, no hydrocarbon odor, no 
sheen 

y 

~ Sn..T· brown, moist, stiff, slightly plastic, no hydrocarbon odor, 
no sheen 

SP 
SAND . brown, wet, loose, poorly graded, fine grained, ho 
hydrocarbon odor, no sheen 

Drilled to 25 feet bgs 
Sampled to 24.5 feet bgs 

• Sample Number Prefix is 2708·951006-
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HAHN & ASSOCIATES, INC. 

or<nw,,,sLNatural Gas Co. 

Gasco Facility 
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son. BORING NUMBER B-14 

,20 

Page 1 of2 

8:25 

Date: 

9128195 

DRILL 

Silty SAND with Gravel - olive gray. moist, dense, hydrocarbon 
odor, sheen 

Sandy SILT - brown, moist, stiff, slightly plastic, no 
hydrocarbon odor, no sheen 

SAND - olive gray, moist, loose, poorly graded, fine grained, no 
hydrocarbon odor, no sheen 

SAND - as above, (10-11 feet bgs) 

SILT - brown, moist, stiff, slightly plastic, no hydrocarbon 
odor, no sheen, (11-12 feet bgs) 

SAND - olive gray, moist, medium dense, poorly graded, fine 
grained, no hydrocarbon odor, no sheen, (12-13 feet bgs) 

SILT - brown, moist, very stiff, slightly plastic, no hydrocarbon 
odor, no sheen 

Sandy SILT - brown and tan mottled, moist, no hydrocarbon 
odor, no sheen, (piece of bark present) 

SAND with some Silt - brown, wet, medium dense, poorly 
graded, fine grained, no hydrocarbon odor, no sheen (16.5-17.5 
feet bgs) 

SILT - brown, moist, stiff, no hydrocarbon odor, no sheen, (17.5-
18 feet bgs) 

SAND - brown, wet, poorly graded, fine grained, no hydrocarbon 
odor, no sheen, (18-19 feet bgs) 
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SOn. BORING NUMBER B-14 

HAl LOGGER: RobEde DRILL DRILL 

SAMPLING METHOD: 3" OD Split Spoonl4" OD Core Barrel START FINISH 

DRILLING METHOD: 4 114-inch ID Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B-59 Mobile Drill 8:25 9:30 

DRILLER: Brad James Date: Date: 
DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 9128195 
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0 C!l SOIL DESCRIPTION 
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Drilled to 20 feet bgs 

'22 Sampled to 19 feet bgs 

~23 
• Sample Number Prefix is 2708-950928-
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SOIL BORING NUMBER B-15 

DRILL 

FINISH 

Time: 

15:05 

Date: 
10/6195 

SOIL DESCRIPTION 

SP 

SP 

Page 10f2 

SAND - brown, moist, loose, poorly graded, medium grained, no 
hydrocarbon odor, no sheen, (2.5·5 feet bgs) 

Silty SAND with Gravel - olive gray, moist, hydrocarbon 
odor, sheen, (5-6 feet bgs - brick in end of sampler) 

(Switch to 1.5" OD Split Spoon sampling device) 

Silty SAND - olive gray, moist, hydrocarbon odor, sheen, (7.5-8 
feet bgs - wood fragment in end of sampler) 

(Switch back to 4" OD Core Barrel sampling device) 

SILT - green, moist, fIrm, no hydrocarbon odor, no sheen, 
rootlets throughout, (10-15 feet bgs) '. 

SILT - as above (15-15.5 feet bgs) 

Sandy SILT - green with black patches of hydrocarbon 
product, moist, hydrocarbon odor, sheen, (15.5-17.5 feet bgs) 

SILT - wet, soft, saturated with product (17.5-18.5 feet bgs) 

SILT - green, hydrocarbon odor, sheen, (18.5-20 feet bgs) 
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SILT· green, moist, firm, hydrocarbon odor, no sheen, (20·21 
feet bgs 

Silty SAND - olive gray, wet, poorly graded, fine grained, 
hydrocarbon odor, sheen, (21·21.5 feet bgs) 

SILT - brown and olive mottled, fingers of black oily substance 
in rootlet zones, (21.5-25 feet bgs) 

SAND - olive gray, wet, loose, no hydrocarbon odor, no sheen, 
(25-27 feet bgs) 

Sandy SILT - olive gray, moist, stiff, hydrocarbon odor, no 
sheen, (27·27.5 feet bgs) 

SAND - olive gray, wet, loose, fine grained, no hydrocarbon odor, 
no sheen, (27.5-29 feet bgs) 

SILT - brown, moist no hydrocarbon odor, no sheen, (29-29.5 
feet bgs) 
SAND· brown, wet, loose, fine grained, no hydrocarbon odor, no 
sheen, (29.5-30 feet bgs) 

Drilled to 30 feet bgs 
Sampled to 30 feet bgs 

. ". 

* Sample Number Prefix is 2708·951006· 
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SOIL BORING NUMBER B-17 
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9:55 

Silty SAND - brown, moist, no sheen 

Sandy SILT - olive gray, moist, firm, no sheen 

10:40 

Date: 
9/29/95 

SAND - olive gray, moist, poorly graded, medium grained, no 
sheen 

SAND - olive gray, poorly graded, strong sheen, brown product 
and froth when water added to sample, some wood fragments 

. ", 

SAND - as above, wet, saturated with brown, oily product 
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SOIL BORING NUMBER B-17 

HAILOGGER Rob~d~ DRILL DRILL 

SAMPLING l\1l!;THUV: 1.5" OD Split Spvu..,4" OD Core Barrel START FINISH 

nRrr.T.TNG ~n1uu: 4 114-inch ID Hollow Stem Auger Time: Time: 

!t;\,lUU'Ml!;j\fl'TYPE B-59 Mobile Drill 9:55 10:40 

,mm.T.F.R· Brad James I Date: IDate: 
'nRTT.T .TN"G IJV!~ l'RACTOR: G..o-T~h _1. ions, Inc. ~/2~/95 9/29/95 

=-.a :><..:1 ~ i~ . DIAMETER: 8-inch 
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0 to ISOIL DESCRIPTION 

4 ! 

I 21 SP 
SAND - as above, wet, contains brown product, strong sheen, 
many roots at sand/silt interface 

122 
i 

:23 
, 
, i24 

SILT - olive 't;;ay, moist, very stiff, no hydrocarbon odor, no 
sheen, some rown root casts 

'25 

'26 
Drilled to 25 feet b~ 
Sampled to 24 feet gs 

'27 

* Sample Number Prefix is 2708-950929-
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SOIL BORING NUMBER B·I8 

SP 

Page I of2 

FINISH 

Time: 

11:45 

Date: 

9/19195 

Sandy SILT· brown and olive gray, moist, hard, slightly plastic, 
slight sheen 

SILT - brown, gray mottling, moist, stiff, plastic, no sheen 

SiitySAND with Clay - brown, moist,loose, plastic, slight sheen 

Sandy SILT with some Clay· brown, moist, medium stiff, poorly 
graded, slightly plastic, slight sheen 

Sandy SILT - as above 

SAND· brown, wet, very loose, poorly graded, fine grained, 
sheen observed on surface of core 

SAND - as above 

SAND - olive gray, wet, loose, poorly graded, slight sheen on 
core 
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SOIL BORING NUMBER B-18 

IHAl T ,()r.r.Fl?' RobEde DRILL I DRILL 

~AMPT.TNr. IVll:.1 nul.1: Split Spoon START FINISH 

lPRILLI~ Mt,;TtlUU: 4 114-inch ID Hollow Stem Auger I Time: Time: 

EQI I'1'TYPE B-59 Mobile Drill 10:05 11:45 

nRTT.T.RR· Brad James I Date: Date: 
nRTT.T .TNC, CONTRACTO~ Geo-Tech Inc. 9/19/95 9/19/95 
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nulUl'lu DIAME'll:.n: 8-inch 
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~~ SURFACE ELEVATION: 36.4 feetMS~ 
E-o::> :TOP OF rA~TNn ELEVATION: Not Annl;,."hl .. 
UJ~ 

d SQII.DESCRIPTION 

SP SAND - as above, no sheen 

SAND - as above 

SP 

SAND - as above 

Drilled to 28 feet bgs 
Sampled to 28 feet bgs 

• Sample Number Prefix is 2708-950919-
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SOIL BORING NUMBER B-19 

SP 

SP 
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DRILL 

START FINISH 

13:30 9:30 

Date: 

9/20/95 

SAND - black, moist, well graded, fine grained, grains appear to 
be coated with oily substance, sheen evident 

SAND - as above 

Installed a 2-inch diameter 0.010-inch slotted stainless steel 
well screen at 10 to 13 feet bgs. Purged zero gallons of water 
prior to groundwater sampling. GROUNDWATER SAMPLE 
(2708-950920-BW19-01) collected at 8:15 hrs, 9120/95. Well 
point was removed and drilling was resumed. 

Clayey SILT - brown, dry, very stiff, slight sheen 

SAND - black, moist to wet, poorly graded, sheen 

SILT - brown, dry, stiff, no sheen 

Sandy SILT - olive gray, moist, poorly graded, fine grained, 
no sheen 
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SOIL BORING NUMBER B-19 

HAl T .()r.r.F.R· RobEde DRILL DRILL 

SAMPLING ~'fHOD: 4' OD Core Barrel START FINISH 

nRTT .T.ING 1YU;H1UJJ: 4 114·inch ID Hollo~ Stem Auger Time: Time: 

1r.;Iq!Ull"1YU;!'u'TYPE B-59 Mobil~ Drill 13:30 9:30 

InRTT.T.li'R· Brad James 1 Date: IDate: 
InRTT .TANG CONTRACTOR: Geo·Tech ~1'.u.QWU'~' Inc. 9/19/95 9120/95 

..J >- Z 
'" < riJp:: 
~ r:::!> ..JriJ 

P::p:: c..> = Or:::! ::EO t OE-< <0 
~ 00C;:;:l C;:;:l 

P:: 0 
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: 21 
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~ 
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:3S 

39 

·40 

Ii 
Ill~u DIAMETER: 8-inch 

Ir.A~TNr. nTAMETER: NotA <~ E-<oo 
I~TTR"Ar.F. ELEVATION: <0 35.4 

c:::tI.l ;-.::> ITOPOFCASINGELEVATION: NotA, 

I~ 
rn~ 

SOIL DESCRIPTION 

Sandy SILT· as above, wet 

Installed a 2-inch diameter 0.010-inch slotted stainless steel 
well screen at 25 to 28 feet bgs. Purged eight gallons of water 

;:; usingJl.Jjeristaltic pump prior to groundwater sampling. 
GRO DWATER SAMPLE (270S-950920-BWI9-02) collected ;:;; at 12:05 hrs, 9/20/95. Well point was removed prior to = abandonment. 

~ 
~ i-- SP 
;:;; Silty SAND - brown, wet, poorly graded, fine grained, 

~ coarsening downward 
~ 

Drilled to 29 feet bgs 
Sampled to 29 feet bgs 

* Sample Number Prefix is 270S-950919- for 
samples Bl9-0l to BI9-0S. Sample Number Prefix 
is 2708-950920- for samples B19-07 and BI9-0S. 
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SOIL BORING NUMBER B-20 

SP 

SP 

Page 10f2 

DRILL 

Date: 

9/29/95 

SAND . brown. moist. loose. poorly graded, no sheen 

SAND· as above, large rock in sand at depth of7.5 feet bgs 

SAND . olive gray, moist, poorly graded. medium grained, no 
sheen 

SAND· gray, wet, poorly graded, saturated with hydrocarbon 
product, metallic sheen, (10·11 feet bgs) 

", .... 
SAND • brown, moist, poorly graded, fine grained, no product 
saturation, sheen is present, (11·13 feet bgs) 

SAND • olive gray. moist to wet. sheen 
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SOIL BORING NUMBER B-20 

IHAl T .O(!(!];,R RobEde 1 DRILL DRILL 

ISAMPLING MJ.<;·l·~: ].~ OD Split Spuunl4" OD Core Barrel iSTART FINISH 

InRTT.T .TNn~.t1UU: 4 114·inch ID Hollow Stem Auger Time: Time: 

EQl /'l'TYPE B-59 Mobile Drill 14:00 15:00 

nRTT .T.F.R· Brad James Date: Date: 

nR' .TJNC C()~c;'I'Qg: . Geo-Tech '.,. Inc. 9/29/95 ~/2~95 

CtU ><...:1 ~ 

II 
: DlAMETER: 8-inch 

. - i: ... 
~~ II) Ir.A~TN(! nTAMETER: Not~~able ~ II) ~ <~ 

", ... 
~~ E-o!Zl 

~ I: 

~ ~H~ ISITRl1'Ar.F. ELEVATION: 35.4 feet msl 0- Or::! 
- CI> OE-o ..c .. E-o~ ITOPO~ CASING ELEVATION: Not A ~ 0 r::!:5 tf.l~ 

t': r::! 
~ .. Cl 

!Zl 0 
0 

iSOIL DESCRIPTION 
, ! 

i 121 

i SP SAND - brown to metallic gray, wet, strong sheen 
I:!~ 

, 123 

II SILT - brown, very stiff, brown pockets of organic material 
L '24 

i 
, 

:25 
, , 

26 
i 

:27 

'28· 

'29 

130 

31 

: i32 

! 
, i33 

:34 

35 

36 

:37 

:38 

:39 

,40 
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Drilled to 25 feet bt 
Sampled to 24 feet gs 

• Sample Number Prefix is 2708-950929-
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SOIL BORING NUMBER B-2! 

SP 

Page 10f2 

8:50 

Date: 

10/3/95 

SILT - brown and green mottled, slightly moist, stiff, roots 
present, slight sheen 

Silty SAND -brown, moist to wet, medium dense, poorly graded, 
fine grained, no sheen 

Sandy SILT - brown with olive gray mottling, moist, firm, slight 
sheen 

SAND - brown, wet,loose, poorly graded, fine grained, no 
sheen 

Silty SAND - brown, moist, medium dense, fine grained, no 
sheen 

SAND - brown, wet,loose, poorly graded, fine grained, no 
sheen 

Installed a 2-inch diameter O.OlO-inch slotted stainless steel 
well screen from 15.5 to 19.5 feet bgs. Purged five gallons of 
water using a peristaltic pump prior to groundwater 
sampling. GROUNDWATER SAMPLE (2708-951003-BW21-
01) collected at 10:48 hrs, 1013/95. Well point was removed 
prior to abandonment. 
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SOIL BORING NUMBER B-2! 

HAILOGGER: Rob Ede DRILL DRILL 

SAMPLING METHOD: 4" OD Core Barrel START FINISH 

DRILLING METHOD: 4 114-inch ID Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B-59 Mobile Drill 8:50 9:40 

DRILLER: Brad James Date: Date: 
DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/3195 10/3195 

~ 
!::! BORING DIAMETER: 8-inch 

....:J >- .... r::I 

t""l~ r:J~ 
Q) .... 

<~ CASING DIAMETER: Not Applicable 
....:Jr:a ~ ~ E-<rIJ 

~~ P-.:> :I: <I;.) SURFACE ELEVATION: 38.0 
Or:J :::SO 0 p::rIJ 

5: z UE-o <u 0 E-<O TOP OF CASING ELEVATION: Not Applicable 
~ rnr"l r:.:l 0 

CI.l~ 

~ Cl ~ 
0 SOIL DESCRIPTION 

! 
:21 Drilled to 30 feet bgs 

Sampled to 29.5 feet bgs 

22 .. Sample Number Prefix is 2708-951003-

:23 
, , 

,24 

:25 

:26 

:27 

28 

:29 

: 30 

31 

:32 

'33 

34 

35 

36 

37 

38 

39 

·40 

Page 2 of2 

" ' 

Project #2708 
HAHN AND ASSOCIATES, INC. 

Koppers022570 



& ASSOCIATES, INC. 

Eo-
Z 

* ~~ r-:!et: 
...::Ir-:! r-:! z- c..~ ::E 0< 
::E::E o Eo- e:: Zr.J <::J <0 OOz 

III 
< 

Updated: 9/1198 RBS 
File: 2708 B·22 

r-:! 
0 
<~ 
c.. E 
OOc. 
Clc. 
<~ 
r-:! 
::t: 

~~ 
~ ~ 
ooc..S 
t":rJ...::I c. 
et:E=iE-
~O 
jE-< 

...::I >-
r-:!~ r-:!et: 

...::Ir-:! 
C::et: c..;::-
Or-:! ::EO 
0 ... <0 

Z oor-:! - c:: 

SOIL BORING NUMBER B·22 

Page 1 of2 

Date: 

SILT with Sand and Gravel - moist to wet, oily substance 
present, strong sheen, metal wire present 

SILT· green with brown mottling, stiff, strong sheen 

Sandy SILT· brown, moist, stiff, strong sheen 

10/3195 

Sandy SILT - olive gray to green, moist to wet, stiff, strong 
sheen 

SILT· olive gray, moist, stiff, strong sheen, black oily 
product throughout core) 
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PROJECT: 
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SOIL BORING NUMBER B-22 

IHAl 1" .,..,,..~~ Rob Ede DRILL I DRILL 

ISAMPLING ME'1'h0D: 4" 00 Core Barrel START FINISH 

Inl?TT .T.ING Mt;"U1UlJ: 4 1M-inch 10 Hollow Stem Auger Time: ITime: 

~lPMt;N'l' TYPE B-59 Mobile Drill 12:00 13:00 

InRTT .T "FR· Brad James Date: IDate: 
Inl?TT.T .TNG CONTRACT~: Geo-Teen . Inc. 10/3/95 1013195 
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<:~ I CASING D~E'rt;K: B.otAnnJ;,."hl" 
E-<m 
~~ IS~CE~i\T~ 37.1 feet msl 
E-o::J ITOI>.(>:FCA~TNn E~ATION: Not Applicable 
oo~ 

SO~ DESCRIPTION 

~. ~ SILT - as above, moist to wet, pockets of brown product within 
core 

SP 

SAND - olive gray, wet, fine grained, black product at 24-25 feet 
bgs, (see photo 14) 

r~ Sandy SILT - brown, moist, stiff, no sheen 

SAND - brown, wet, loose, poorly graded, fine grained, 
muscovite present, no sheen 

SP 

Drilled to 30 feet bgs 
Sampled to 29.5 feet bgs 

• Sample Number Prefix is 2708-951003-
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son. BORING NUMBER B-23 

·4 

Page lof2 

SAND - brown, moist, loose, poorly graded, medium grained, 
slight sheen 

Sandy SILT - green with brown mottling, moist to wet, stiff, 
loWer 6 inches of core is saturated with product, strong sheen 

Sandy SILT - green with brown mottling, stiff, roots present, 
saturated with product 15-17 feet bgs, strong sheen 
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son. BORING NUMBER B-23 

Page 2 of2 

SILT· brown with orange spots, moist. very stiff, sheen 

SAND with some Silt· wet, fine grained, brown oily product 
present, sheen 

Sandy SILT· brown, moist, stiff, strong sheen 

SAND . olive gray, wet, loose, fine grained, no sheen 

SILT· brown, moist, stiff, no sheen 

Drilled to 35 feet bgs 
Sampled to 35 feet bgs 

* Sample Number Prefix is 2708·951003· 
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SOIL BORING NUMBER B-24 

Page 10f2 

9:15 

Date: 

1012195 

Lampblack - black, dry, hydrophobic, no sheen (2.5-3.0 feet bgs) 

SAND - brown, dry, loose, poorly graded, medium grained, no 
sheen, (3-4 feet bgs) 

SAND - as above, some pebbles, moist, no sheen, (5-10 feet bgs) 

SAND - olive gray, moist. loose. black droplets oftar-like 
substance at base of sand, wood chips present (10-11.5 feet bgs) 

Sandy SILT - olive gray, moist, slightly plastic, slight sheen, 
01.5-15 feet bgs) 

Sandy SILT - olive gray to green, moist, stiff, strong sheen, (15-
20 feet bgs) 
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SOIL BORING NUMBER B-24 

I~T,""''''~'''' Rob Ede I DRILL I DRILL 

I SAMPLING METtiuu: 4" OD Core Barrel I START I FINISH 

I nRTT .T,!NG ~l·tiUU: 4 114·inch ID Hollow Stem Auger ITime: Time: 

I EQUll"'lVU.l~.I.' TYPE B·S9 Mobile Drill 9:15 10:15 

InRTT .T.F.R' Brad James Date: Date: 
InRTT·UNG CONTRACTOR: Geo-Tech F.'tplorl'.ti"~, Inc. 1012195 1012195 

I 
ItlUKli'jlj DIAMETER: 8·inch 

~ 

r;rJ~ 
>- ... 

r;rJC:: '" <~ i"At::mn DIAMETER: Not Applicable 
..Jr;rJ @. ~(/) 

C::c:: ~> t ~~ ISURFACE ELEVATION: ~4.5 feet msl 
Or;rJ ::EO 
OE-< <0 E-<::> ITOP OF "''''n.T'''·E~ATIg_N: ~ot Annl;r"hl" 

~ Cf.lr;rJ r;rJ 

.~ 
Cf.l~ 

c:: Q 
ISOIl,DESCRIPTION 

! 

til 
Sandy SILT - brown with green mottles, moist, sheen on core -

j 121 smeared from above, (20-22 feet bgs) 

: 
i 122 
! 

I SP 
SAND - brown, wet, loose, poorly graded, fine grained, no sheen 

, :23 (22-23 feet bgs) 

i fMLJ Sandy SILT -brown with green mottles, moist, no sheen (23-24 
, 

:24 feet bgs) 

25 
; 

26 
, i , 
, 

27 SP 
SAND - brown, wet, loose, poorly graded, no sheen (24-30 feet 
bgs), 2 inch Silt zone at 27 feet bgs 

, 
i28 

, I , 
_i29 

~ i , 
;30 Drilled to 30 feet bgs 

Sampled to 29.5 feet bgs 

'31 * Sample Number Prefix is 2708-951002- . 
!32 

: 

:33 

!34 

,35 

36 

:37 

'38 

39 

;40 
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SOIL BORING NUMBER B·25 
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SAND· brown to gray, moist, loose, poorly graded, medium 
grained, slight sheen, (2·5 feet bgs) 

SAND· as above, moist, large piece of decayed wood in end of 
sampler, slight sheen, (5·10 feet bgs) 

SAND· as above, wet at 14 feet bgs, strong sheen, brown froth 
appears via sheen test, (10·15 feet bgs) 

SAND· as above, wet, strong sheen and froth to depth of 17 feet 
bgs, no sheen from 17·18.5 feet bgs 

SILT· olive gray, moist, no sheen (18·20 feet bgs) 
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SOIL BORING NUMBER B-25 

HAIl RobEde DRILL I DRILL 

SAMPLING METtluu: 4" QDCoreBarrel ~TART FINISH 

DRII,UNG M.t:TtlUU: 4 114-iIlch ID Hollow Stem Auger Time: Time: 
IR, I!'TYPE B-59 Mobile Drill 12:05 12:45 

, 

nRlT.T.RR· _Br~~ I Date: Date: 
nRlTT..ING CONTRACTOR: Geo-Tech ~_ ... .u. "_u. , Inc. 10/2195 1012195 
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~ !BO~ DlAME'J:.Mt: 8-inch 

ESr;; 
ICASING DlAME'n~-:R: NotAl 

II 
~~ ISURFACE ELEVaTION: 35.0 feet msl 
Eo-::> ITOP OF ("A~TNn ELEVATION: NotAnn];~"hl" 
UJ~ 

ISOlL DESCRIPTION 

i Sandy SILT - olive gray, wet, slightly stiff, slightly plastic, no 
sheen, (20-22 feet bgs) 

I SILT - olive gray with brown/orange spots, moist, stiff, plastic, 
no sheen, (22-25 feet bgs) 

Drilled to 25 feet bgs 
Sampled to 24 feet bgs 

• Sample Number Prefix is 2708-951002-
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SOIL BORING NUMBER B-26 

SP Lampblack· black, hydrophobic, slight sheen, slight 
hydrocarbon odor 

Brick in end of sampler, also pieces of hardened tar 

SAND· olive gray, moist,loose, medium grained, strong 
SP hydrocarbon odor, sheen 

SP 

Page 1 of2 

SAND· olive gray, moist, loose, medium grained, strong sheen, 
brown froth via sheen test, hydrocarbon odor 

SAND • olive gray, wet, loose, poorly graded, medium grained, 
saturated with product, strong sheen on sampler 
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SOIL BORING NUMBER B-26 

SP 

Page 2 of2 

SAND· olive gray, wet, loose, poorly graded, medium grained, 
strong sheen, much brown product, (20·23 feet bgs) 

SILT· brown with dark gray mottling, moist, contains wood 
fragments, (23·24 feet bgs) 

SILT· brown, moist, stiff. strong sheen on sampler, root zones 
present, black, oily product appears to be migrating through 
root zones 

Sandy SILT· olive gray to green, medium stiff, large amount of 
black staining appears to be migrating through root zones 

Sandy SILT· olive gray to green. medium stiff, sheen from 35· 
37 feet bgs. no sheen from 37·40 feet bgs 

Drilled to 40 feet bgs 
Sampled to 40 feet bgs 

• Sample Number Prefix is 2708·951002· 
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SOIL BORING NUMBER B-27 

DRILL 

START 

~~~~~~:'.:::~_~~~~~~~~~~~ ___ --lTi.me: 
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Ul~ O~ 

~ 0 
0 r.::l e c:: 

SP 

SP 

SP 
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12:40 13:30 

Date: 

9120195 

Silty SAND - brown, dry, dense, pieces of coal? present, no 
petroleum odor, no sheen 

SAND - brown, dry, medium dense, poorly graded, fine grained, 
some coal in upper 6 inches, no sheen, black colored hydrophobic 
particulates float via sheen test (lampblack?) 

SAND - black, moist, medium dense, poorly graded, fine 
grained, strong petroleum hydrocarbon odor, sheen via sheen 
test 

SAND - as above,loose, strong petroleum hydrocarbon odor. 
sheen via sheen test 

SAND - as above, strong petroleum hydrocarbon odor, sheen via 
sheen test 

SAND - olive gray to black, wet, loose, petroleum 
hydrocarbon odor, slight sheen via sheen test 

SAND - as above, slight petroleum hydrocarbon odor, no 
sheen via sheen test 
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SOIL BORING NUMBER B-27 

37 

38 

39 

'40 

SP 

SAND - black. wet. dense. sheen on core, sheen via sheen test 

SAND - black, wet, loose, saturated with oily substance, (22.5-
23.5 feet bgs) 

SILT - brown, wet, medium stiff, plastic, sheen via sheen test, 
(23.5-24 feet bgs) 

SAND with some Silt - black, wet, loose, sheen on sampler, (25-
1-,..,,777'7'7'l 25.5 feet bgs) 

Page 2 of2 

SILT with some Clay - brown, wet, soft, plastic, sheen via sheen 
test, (25.5-26.5 feet bgs) 

Clayey SILT - brown, moist, medium stiff, plastic, no sheen 
via sheen test 

Clayey SILT - as above, slight sheen via sheen test, (outside of 
core smeared with petroleum product from shallower depths) 

Clayey SILT - olive gray, moist, soft, sheen via sheen test, 
(outside of core smeared with petroleum product from 
shallower depths) 

SILT - olive gray, moist, soft, no petroleum hydrocarbon odor, 
no sheen via sheen test 

Drilled to 36.5 feet bgs 
Sampled to 36.5 feet bgs 

• Sample Number Prefix is 2708-950920· 
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SOIL BORING NUMBER B-28 

SOIL DESCRIPTION 

Page lof2 

Silty SAND with Gravel- brown, moist, fine grained, non 
plastic, no hydrocarbon odor, no sheen via sheen test (surface) 

SAND with some Gravel and Lampblack - (black, very 
solidlhard pieces that are hydrophobic), slight hydrocarbon odor, 
no sheen via sheen test, (2.5-5 feet bgs) 

GRAVEL with Lampblack - black, dry, lampblack is 
hydrophobic, no hydrocarbon odor, no sheen via sheen test, (5-10 
feet bgs) 

GRAVEL with Lampblack - sticky, tar-like pieces present, hard, 
with sheen on surface, strong hydrocarbon odor ClO-12 feet bgs) 

SAND - olive gray, moist, loose, poorly graded, strong 
hydrocarbon odor, sheen via sheen test, (12-15 feet bgs) 

SAND with some SILT - olive gray, wet, saturated with product, 
metallic sheen, (15-15.5 feet bgs) 
Sandy SILT - brown, moist, no sheen, (15.5-16 feet bgs) 

SAND - olive gray, wet, loose, poorly graded, medium grained, 
no sheen via sheen test, (16-20 feet bgs) 
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SOIL BORING NUMBER B-28 

tHAI I.Or.r.F.R: _Ro~Ede . DRILL DRILL 

tSAMPLING Ml:TliUl.l~ 4"9pC()J"eB~ START 1'INI::ili 

InRTT.UNG M.8THOD: 4 lf4-inch ID ~llow_ Stem Auger Time: Time: 

1~"lUlt'Mt;N"l' TYPE B-59 Mobile DEil! 14:00 15:00 

InRTT.T .RR· Brad James Date: Date: 
Imm.T.TNr. COl'\~~R . Geo-Tecn Exploratio~, Inc. 1012195 1012195 

~ 
!!SuRING DIAMETER: 8·inch 

~ 

...J >- ... 
'" ICA.c::mr. nT. Not Annl;,."hl,. < ~c::: ~ ~ ~fiJ l·~n: 

~> ...J~ 
I!'=:TTRFACR ELEVATION: 34.4 feet msl C:::c::: 0..> .... ~?i5 o~ ~o f I~ OE-< <0 E-<~ ITO~ OF CA!'=:mr. ELEVATION: Not A 

~ 00--CI.l~ ~ c::: 0 
Ie; i!)o~ DESCRIPTION 

, :21 
Sandy SILT - olive gray with brown, metallic luster, saturated 
with product, strong sheen via sheen test (20·22 feet bgs) 

i 

'22 
, Sandy SILT· as above, brown with brown/orange blebs, no 

:23 
sheen via sheen test, (22·23.5 feet bgs) 

: 

'~~ 
Sandy SILT· as above, olive gray, wet (23.5-25 feet bgs) 

25 

26 

27 
Drilled to 25 feet bgs 
Sampled to 24.5 feet bgs 

28 
• Sample Number Prefix is 2708·951002-
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SOIL BORING NUMBER B-29 

~~~~~ ________________ ~~~~~ ________ ~~~~~ ________________ ~DRILL DRILL 

START FINISH 

14:15 
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Silty GRAVEL· brown, dry, fill, no sheen via sheen test 
(surface) 

Sandy Silty GRAVEL - graylbrown, damp, dense, non'plastic, 
well graded, no hydrocarbon odor, no sheen via sheen test 

Sandy Silty GRAVEL· as above, no hydrocarbon odor, no sheen 
via sheen test 

'~I Sandy GRAVEL with Silt - dark gray, moist to wet, medium 
18 dense, non'plastic, well graded, possible petroleum hydrocarbon 
IS2SClMl!lIISI odor, no sheen via sheen test 

Page 10r3 

Silty Sandy GRAVEL - brown, wet, dense, slightly plastic, well 
graded, no petroleum hydrocarbon odor, no sheen via sheen test 

Silty Sandy GRAVEL· as above, slight naphthalene odor, 
turning to dark gray at 13.2 feet, no sheen via sheen test 

SILT with some Sand and Gravel - brown, moist, stiff, 
slightly plastic, possible petroleum hydrocarbon odor, no 
sheen via sheen test 

SILT with some Sand and Gravel· as above, more Gravel, 
brown with slight odor to 18.25 feet bgs, dark gray with 
distinct odor to 19 feet bgs with wood fragments and 
occasional tar globs, no sheen via sheen test 
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SOIL BORING NUMBER B-29 
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Gravelly SILT - graylbrown with gray mottling, moist, very stiff, 
slightly plastic, slight petroleum hydrocarbon odor, no sheen via 
sheen test, tip of core is black 

Gravelly SILT· black, moist, strong hydrocarbon odor, sheen via 
sheen test, tarry globs (22.5·22.75 feet bgs) 

SILT - gray with red·brown mottling, non-plastic, slight 
hydrocarbon odor (22.75-23 feet bgs) 

SAND· dark gray, moist to wet, poorly graded (23-24 feet bgs) 

SILT and SAND - as above, tarry (25-25.25 feet bgs) 

SILT - gray, as above (25.25-26.25 feet bgs) 

SILT and SAND· black, tarry, hydrocarbon odor, sheen via 
sheen test (26.25·27 feet bgs) 

SILT - olive-gray with red-brown mottling, medium stiff, 
organic matter or root zones with brown product in them, 
petroleum hydrocarbon odor, sheen via sheen test, brown 
product present (27.5-29 feet bgs) 

Silty SAND with occasional Silt zones - olive-gray, loose, non
plastic, rootlets present, strong hydrocarbon odor, brown 
product via sheen test (30-31.5 feet bgs) 

SAND· black, wet, medium dense, poorly graded, entire core 
covered with brown product (32.5-34 feet bgs) 

SAND • as above, product saturated throughout core (35-36.5 
feet bgs) 

Drilling resumes at 8:40,9125/95 

SAND - black, wet, saturated with product to 39 feet bgs, less 
staining from 39-40 feet bgs, some hrown bedding or zones of 
oxidation, sheen throughout (36.5-40 feet bgs) 
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SOIL BORING NUMBER B-29 

IHAl 1.()~~'P.R Roger Brown I DRILL DRILL 

SAMPT.TN~ lVl~THOD: Split Spoon I START FINISH 

DRTT.TJING Mj!;H1.UU: 4 1J4-inch ID Hollow Stem Auger ITime: Time: 

!EQuu'MENT ~ B-59 Mobile Drill 14:15 9:30 

!nRTT.T .'P.R· _ Brli'!. James IDate: Date: 
DRTT.T .TNn CONTRACTOR: Geo-Tech ExploratioI)~, Inc. 9122195 9125195 

Z ~ 
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~ c:: '" t:J ~ E-<~ >~ E o..~ 

rI.lrn o~ 
:; 0 
0 t:J t:J e c:: Cl 
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IBORING DlAME'l'Ut: 8-inch 

<~ I CASING DlAMETER: Not A 
E-<00 
~~ ISURFACE ELEVATl()N: 31.1fi!et msl 

~ 
E-<:> ITOP OF CMm,rr. EI-EVATI~l'J0t_ AnnH,.~hl" 
rI.l~ 

Cj SOIL DESCRIPTION 

SAND - olive-gray, wet, sheen via sheen test, strong sheen on 
drill stem (40-44 feet bgs) 

SP 

'. 

SAND with some Silt - gray, moist, no sheen via sheen test, no 
sheen on drill stem (44-45 feet bgs) 

SAND with some Silt - moist to wet, poorly graded, fine to 
SP medium grained, no sheen via sheen test, no sheen on core (45-

50 feet bgsJ 

Drilled to 50 feet bgs 
Sampled to 48 feet bgs 

• Sample Number Prefix is 2708-950922-
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SOIL BORING NUMBER B-30 

Page 1 of2 

Silty GRAVEL with Sand - black, moist, some wet zones, plastic, 
hydrocarbon odor, sheen via sheen test 

Silty GRAVEL with Sand - as above, hydrocarbon odor, sheen 
via sheen test 

Silty GRAVEL with Sand - black, wet, plastic, slight sheen 

Silty GRAVEL with Sand - brown, wet, plastic, no sheen via 
sheen test 

Silty GRAVEL sith Sand - brown, wet, stiff, plastic, hydrocarbon 
odor 

Silty GRAVEL with Sand· as above. hydrocarbon odor 
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SOIL BORING NUMBER B-30 

36 

37 

38 

39 

.40 

Page 2 ofZ 

Silty GRAVEL with Sand - as above, hydrocarbon odor, no 
sheen via sheen test 

SAND - graylblack, wet, dense, non-plastic, sheen via sheen test 

SILT - gray, wet, stiff, plactic, hydrocarbon odor 

SILT - gray, wet, stiff, slight plastic odor 

Sandy SILT - as above, strong sheen via sheen test 

. " 

Silty SAND - brown, wet, dense, slightly plastic, hydrocarbon 
odor, no sheen via sheen test 

Boring terminated at 35 feet bgs 
Sample to 34 feet bgs 

• Sample Number Prefix is 2708-950922-
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SOIL BORING NUMBER B-30-A 
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IDR~ 
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Northwest Natural Gas Co. ~ln~RTT~ .. T~".I~NG·~ 1Yl·l!.~~.·~T~·~t1~"U'~lJT">: __ ~ 41~I4-i~nch~ID~~ Ho~llow:..:· S~~m~.~ ~~ge~ ___ -lITime: Time: 

9:40 IGasco Facility I l!.1ql Ult'Ml!.Nl' ~E B-S9 Mobile Drill 9:00 

IPortland, Oregon IDRll..LER, Brad JalIles IDate: IDate: 
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Iso~ DESCRIPTION 

GI 
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Surface sample 

Sandy SILT - black, moist. tarry, hydrocarbon odor 

Fill material, low recovery in sampler 

Fill material - as above, little gravels, moist to wet, tarry, 
hydrocarbon odor 

Boring terminated at 15 feet bgs due to lack of 
recovery in sample barrels. 

• Sample Number PrefIx is 2708-950922-
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SOIL BORING NUMBER B-31 

'1 
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16 

Silty SAND and GRAVEL· brown, dry, well graded, no 
hydrocarbon odor (surface sample) 

DRILL 

SILT with Gravel· brownish-yellow, moist, slightly plastic, no 
hydrocarbon odor, no sheen via sheen test (2-5 feet bgs) 

SILT with Gravel - as above, no hydrocarbon odor, no sheen via 
sheen test (5-10 feet bgs) 

Sandy GRAVEL with Silt - gray, moist 

SAND with Gravel- olive-gray, moist to wet (1i-18 feet bgs) 

SP Black, hard material (lampblack), coal-like, with slight 
petroleum hydrocarbon odor and slight sheen at 18-19.5 feet bgs 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

SOIL BORING NUMBER B-3! 

~(5~031)~7~96~.0~71~7 ______________ ~iHM~T~ . .n~r~~~P. ______ ~&~b~Ede ___________________ ILDRILL IDR~L 

·PR(). i~AMPT .TNr. METHOD: 4' OD Core Barrel START FINISH 

U~'~'o·rI, .t~h",·est Natural Gas Co. ~inR~TT·.T~ .TNr..~ ME;~T~l·tl~UU:_--.::4~ 114.i~nch. ID~~ Holl~ow· S~temA~uge~r_-lTime: Time: 

Gasco Facility [ROT' 1'1' TYPE B·59 Mobile_Drill 14:20 15:45 
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IPR()~CT #: ~8_ InRTT.T.TNr. CO~~ Geo·Tech E:.. ... MdtiO~, Inc. 

Date: 
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I C3 ~SOIL DESCRIPTION 

Page 2 of2 

SAND • black, moist, tarry, poorly graded, hydrophobic, sheen 
via sheen test (20·21 feet bgs) 

Sandy SILT· brown, moist, stiff, plastic, some organic matter, 
no hydrocarbon odor, no sheen via sheen test (21·24 feet bgs) 

SAND with some Silt· olive·gray, poorly graded, no 
hydrocarbon odor, no sheen via sheen test (24·25 feet bgs) 

SAND - brown, wet, poorly graded, fine grained, slight 
hydrocarbon odor (25·28 feet bgs) 

Clayey SILT with some Sand· olive·gray, slightly plastic, no 
hydrocarbon odor, no sheen via sheen test (28·28.25 feet bgs) 

SAND - olive·gray, wet, poorly graded, fine to medium grained, 
no hydrocarbon odor, no sheen via sheen test (28.25-30 feet bgs) 

Installed a 2·inch diameter 0.010·inch slotted stainless steel 
well screen from 26 to 29 feet bgs. Purged twenty five 
gallons of water using a peristaltic pump prior to 
groundwater sampling. GROUNDWATER SAMPLE'(2708· 
950925,BW31·0I) collected at 17:20 hrs, 9125/95. Well point 
was removed prior to abandonment. 

Boring terminated at 30 feet bgs 
Sample to 29 feet bgs 

* Sample Number Prefix is 2708·950925· 
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SOIL BORING NUMBER B-32 
Oregon 
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START 

11:50 

Time: 

15:40 

Date: 
10/4195 

Silty SAND with Gravel- brown, moist, no hydrocarbon odor, no 
sheen via sheen test (surface) 

Sandy SILT and GRAVEL - black, moist, slightly plastic, 
hydrocarbon odor, sheen via shen test (5-6.5 feet bgs) 

Silty SAND with Gravel - olive-gray to black, moist, 
hydrocarbon odor (6.5-10 feet bgs) 

Sandy GRAVEL - brown, wet, no sheen via sheen test (10-11.5 
feet bgs) 

1
111 SAND and GRAVEL with some Silt - black, matrix is tar material, highly viscous, strong sheen via sheen test (11.5-15 

feet bgs) 

SAND and GRAVEL with some Silt - black, wet, matrix is 
tar material, highly viscous, strong sheen on sampling core 
(15-17 feet bgs) 

III Gravelly SILT - brown, wet, little tar (17-17.5 feet bgs) 
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SOIL BORING NUMBER B-32 

Page 2 oC3 

DRILL 

FINISH 

Time: 

SILT and TAR· black, moist, plastic, smooth texture. highly 
viscous (20-25 feet bgs) 

Sandy SILT - black, wet, poorly graded, matrix is tar material, 
highly viscous, roots present (25·26 feet bgs) 

Sandy SILT - olive-gray, moist, tar seams present
preferential in areas of roots, cracks (26-30 feet bgs) 

Sandy SILT - olive-gray to green, moist, firm, slightly plastic, 
pockets of brown product - lighter in color and less viscous 
than above, brown froth via sheen test (30-35 feet bgs) 

Sandy SILT - brown with orange pockets, saturated with oily, 
black product (35-37.5 feet bgs) 

SAND - black, wet, poorly graded, fine grained, saturated 
with product. sheen via sheen test (35-37.5 feet bgs) 

Sandy SILT - brown with orange pockets, saturated with oily, 
black product, sheen via sheen test (38-40 feet bgs) 
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Northwest Natural Gas Co. 

Gasco Facility 
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SOIL BORING NUMBER B-32 

~HAI T.nr.r.F.R· Rob Ede DRILL DRILL 

SAMPLING METHOD: Core Barrel I START FINISH 

!nRITUNG METHOv: 4 114-inch ID Hollow Stem Auger ITime: Time: 

iEQUIPlVl!';NT TYPE B-5~ Mobile l>ril! 11:50 15:40 
InRTI.T.F.R, Brad James Date: Date: 
InRIT.T .TNr. CONTRACTOR: Geo-Tech .0 Inc. 1014195 1014195 
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I ~00 E-<::> !2~ OF CASING ELEVATION: Not Annl; ,,,hI. 00-

ISOll. DESCRIPTION 

I~ Silty SAND - olive-gray, wet, firm, fine grained, strong sheen 

I. via sheen test (40-42.5 feet bgs) 

SAND - olive-gray, wet, poorly graded. fine grained, saturated 
SP with oily product (42.5-43 feet bgs) 

~ Sandy Sll.T • olive-gray, wet, wood fragments present, 
saturated with oily product (43-44.5 feet bgs) 

SP 

SAND - olive-gray, wet, poorly graded, fine grained, saturated 
with oily product (44.5·50.5 feet bgs) 

SAND with lenses of Silt - as above, saturated with oily product 
(50.5·52.5 feet bgs) 

SP 

SAND - olive-gray, wet, poorly graded, fine grained, saturated 
with oily product (52.5·54 feet bgs) 

", 

I~~~ 
Silty SAND • olive-gray, moist, sheen via sheen test (54-55 feet 
bgs) 

. . 

SP SAND - olive-gray,'wet, saturated with product (55·56 feet bgs) 

I'~~~ Silty SAND - olive-gray, moist, no sheen via sheen test (56-57.5 i; feet bgs) 
!~2~{ 

" 

SP 
SAND - olive·gray, wet, loose, poorly graded, fine grained, slight 
sheen on core (57.5-59 feet bgs) 

• Sample Number Prefix is 2708-951004-
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SOIL BORING NUMBER B-33 

Page lof4 

13:50 9:10 

Date: Date: 

10/5/95 1016196 

Silty SAND with Gravel - brown, moist, no hydrocarbon odor, no 
sheen, no hydrocarbon odor (surface) 

Sandy SILT and GRAVEL - olive grey, moist,loose, no sheen 

Tarry Silty SAND with Gravel - black, wet, medium dense, 
viscous tar seeps from cracks 

Rock in end of sampler - no recovery 

Tarry Silty SAND with Gravel - black, moist, medium dense 

Tarry Silty SAND with Gravel - as above, loose 

Tarry Gravels with Sand and Silt - black, moist, viscous tar 
zone at 16.5 feet bgs 
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HAHN & ASSOCIATES, INC. 

SOIL BORING NUMBER B-33 

~~~~~ ........................................ ~~~~~ ________ ~~~ ____________________ --iDRILL DR~L 

Updated: 9/1/98 RBS 
File: 2708 B-33 Page 2 of4 

TAR· some gravel and wood fragments at 21.5 feet bgs 

Silty SAND -black, moist,many rootlets and wood fragments, 
tar im matrix, strong sheen (25-27 feet bgs) 

Sandy SILT - brown with green mottling, moist, stiff, rootlets 
and cracks contain wet, viscous tar (27-30 feet bgs) 

Sandy SILT - brown with orange oxidation spots, moist, tar 
seams present· preferential in areas of rootlets and cracks 

Sandy SILT - green, moist, stiff, black tarry patches 
throughout core, tarry sand seam at 38.5 feet bgs 
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SOIL BORING NUMBER B-33 

SP 

59 

60 

Page 3 of4 

DRILL 

FINISH 

Time: 

9:10 

Date: 

10/6/96 

Sandy SILT - as above, moist, fingers of tar throughout core 
(40 - 43 feet bgs) 

SAND - olive gray and green mottled, moist, medium dense, 
fine grained, strong sheen (43 - 45 feet bgs) 

SAND with some Silt- olive gray, moist, medium dense, fingers 
oftar throughout core, sheen 

Silty SAND - olive gray, moist, medium dense, fine grained, 
fingers of tar throughout core, sheen 

Sandy SILT - olive gray, moist, thin fine grained sand lenses, 
roots at 57 feet bgs, less product than above 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 
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PROJECT: 

INorthwest Natural Gas Co. 

IGasco Facility 

PI>, ",a,ld, Oregon 
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SOIL BORING NUMBER B-33 

iHAl T ""8'::~. _Ro~~ I DRILL I DRILL 

1~~PLTNG ~1::Tt1UJJ: Core Barrel I START 1.I'~~ti 

InRTT.T .TNn 4 V4-inch ill Hollow Stem Auger ITime: Time: 

iEQUIPMENT TYPE B·59 Mobile Drill 13:50 9:10 

inRTI.T.F.R Brad James IDate: Date: 
InR' [1IlG C;9N~C'!'.OR=- Geo-Tech "'A"'Uratio~ Inc. 10/5/95 10/6/96 
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IRORING nTA\fETER: _ 8·inch 

<~ ICASING Dli\ME'nm: l'l0~ A E-<oo 
~~ ISURFACE ~E"-ATION: 34.8 feet msl 

ITOP 0:fc::A~TNG ELEVATION: Not Applicable E-<::> 
rn~ 

is()IL DESCRIPTION 

I Sandy SILT· as above, black oily product within rootlet zones 
(60-62 feet bgs) 

SAND - olive gray to black, wet, saturated with black, oily 
SP product (62·63 feet bgs) 

12 Sandy SILT - green, moist, stiff, many rootlets present, 
product within rootlet zones (63 • 65 feet bgs) 

:::~~S Silty SAND· olive gray and green mottled, wet, fine grained, 

!~,r 
saturated with brownlblack product, sand lens at 67 feet bgs is 
saturated with product (65 ·67 feet bgs) 

,'.: : ":C, 

" 
SILT· olive gray, moist, stiff, bark and rootlets present, no 
product, no sheen (67 - 70 feet bgs) 

Drilled to 70 feet bgs 
Sampled to 70 feet bgs 

* Sample Number Prefix is 2708·951005-
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SOIL BORING NUMBER B-34 
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Silty SAND with Gravel - brown, moist, no hydrocarbon odor 
(surface) 

No Recovery:Gravels and Cobbles (0 to 5 feet bgs) 

Silty Sany GRAVEL with Cobbles, olive grey, moist, wood 
fragmernts, sheen 

Silty Sandy GRAVEL with Cobbles, as above, brown, sheen, 
cobble fragment in end of sampler 

GP Tarry Sandy GRAVEL· black, hard, sheen, large brick or slag 
+ tar at 9 feet bgs 

Tarry Sandy GRAVEL - black, less hard than above, tar oozing 
from sand, large brick at 12.5 feet bgs 

IIII Tarry Sandy with GRAVEL - black, moist, tar content less than 
above, aluminum strips from 17 to 17.5 feet bgs. 

GP 
+ tar 
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SOIL BORING NUMBER B-34 

SP 

Page 2 of2 

DRILL 

SAND - black, wet, loose, medium grained, poorly graded, sheen 
throughout, brick at 20.5 feet bgs. 

SAND - black to olive gray, wet, loose, wood fragments, sheen 
throughout (25 - 27.5 feet bgs) 

Sandy SILT -light brown, moist, organic matter and oxidized 
zones, thin tarry beds throughout core (27.5 - 30 feet bgs) 

Silty SAND - olive gray, wet, fine to medium grained, wood 
fragments, patches of black oil throughout 

SILT - green and gray mottled with brown oily pockets, sheen. 
product is more oil-like and less tar-like at this depth 

Drilled to 37 feet bgs 
Sampled to 37 feet bgs 

• Sample Number Prefix is 2708-950926· 
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SOIL BORING NUMBER B-35 
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10:20 

Sandy GRAVEL with Silt - brown, moist, no hydrocarbon odor 
(surface) 

Sandy GRAVEL with Silt, brown, wet, hardened tar in end of 
sampler, no sheen 

No Recovery - Rock blocking end of sampler 

Tarry SAND with Gravel and Silt, moist, black, tar throughout 
matrix, sheen 

Tarry SAND with Gravel and Silt, as above 

. ..,. 

Recovery· rock blocking end of sampler 

Project #2708 
HAHN AND ASSOCIATES, INC. 

Koppers022602 



HAHN & ASSOCIATES, INC, 

434 NW Sixth Avenue 

Portland, Oregon 

1(503) 796,0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

IPnrthnrl, Oregon 

IPROJECT#: 2708 

... 
Z ril 

* t:l 0 
~:3 r::J~ <~ ~C:iJ r::J ::... ~ z- c..c:::) ~ 0< rn -
0'" ~~ g::: O§: 
Zt:l <:J <~ 

<0 OOz r::J 
Q ::c 
< 

--~ B35-05 11:10 936 

~ 
B35-06 11:16 

2,255 

B35-07 11:20 499 

:~ 

:i 
B35-08 11:32 98 

IB3~9 11:56 

~ 
~ 

B35-10 . 12:02 

Updated: 9/1198 RBS 
File: 2708 B-3S 

335 

299 

: 

SOIL BORING NUMBER B-35 

HAl T .()r.r.~R RobEde DRILL tDRILL 

~A \!PUNG ME'U'lUU: 4' ()DCoreBarrel START I FINISH 

nRTT.T.TNr. ME'l'~ 4 11.4-inch ID Hollow Stem Auger Time: Time: 

IEQL 1'1' TYPE B-59 Mobile Drill 10:20 12:05 

InRTT.T .RR· Brad James Date: Date: 
:nRTT.T .TNr. CONTRACTOR: Geo-Tech ~Ynlnr"t;nn~ Inc. 10/5/95 1015195 

00 til 

I~ 
nIAMETER: 8-inch 

~ 

~:r: ~ >- .... 
11> ICASING DIAMETER: Not Annl;,."hl .. 

:JO::~ r::J:; 
rile:: 

~ <~ ...Jril 

I 
E-<rn 

gs...J [ e::e:: A.> ~~ I~IJRFACE ELEVATION 33.8 feet msl :r: 
e::~= 

Oril ~O t ITOP OF r.A!':TNr. ELEVATION: NotAnnl;~"hl .. OE-< <0 E-<:J 
c:::lO Z rnr::J ril rJ)~ 

jE-< - e:: 0 a ISOIL DESCRIPTION 

_4 100 i 
Gravelly SILT with Sand, black, moist, many roots and wood 6 100 '21 GP+ fragments, saturated with black oily product 

7 80 oil 

122 SP SAND - black, wet, medium grained, saturated with black oily 

~02 : , + oil product (21.5 - 22,5 feet bgs) 
--

:23 

- ;24 

:25 

: i 
, : !26 

: 

: 127 

'. j 

, :28 

i 
: 29 

9.3 : , 

!30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

~ 

Page 2 of2 

SILT - olive gray to green, upper 6-incbes is tarry, no tar below 
(22.5-24 feet bgs) 

SILT - olive gray with orange oxidation spots, moist, medium 
stiff, some root zones present, no product, no sheen 

" 

Drilled to 30 feet bgs 
Sampled to 30 feet bgs 

* Sample Number Prefix is 2708-951005-
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SOIL BORING NUMBER GT-l 

SP 

Page 1 of2 

DRILL 

Date: 

11117/97 

Silty GRAVEL· as indicated from drill cuttings and drilling 
conditions. 

Sandy SILT· brown, moist, soft, no hydr~carbon odor or 
discoloration, no sheen. 

SAND· brown, slightly moist, fine grained, medium dense, no 
hydrocarbon odor or discoloration, no sheen. 

SAND - as above, no hydrocarbon odor or discoloration, no 
sheen. 

SAND - as above, hydrocarbon odor, sheen, liquid non-viscous 
black oily product from 8'4" to 8'6". 

SAND - as above, wet, loose, saturated with oil-like product, 
petroleum odor, brown product obseved via sheen test. 

Silty SAND - olive grey, moist, very loose, non-plastic, no 
product, no sheen, petroleum odor exists. 

Silty SAND - as above, no sheen. hydrocarbon odor exists. 

Silty SAND - grey to olive grey, loose, wood fragment at 18' 
6", no sheen, hydrocarbon odor exists. 
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& ASSOCIATES, INC. 

\PI)rtlland. Oregon 
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SOIL BORING NUl\PlER GT·l 

SP 

23 

24 

SP 

37 

38 

39 

Page 2 of2 

Date: 

11117/97 

SAND - grey with some brown to orange oxidation zones, wet, 
medium dense, fine grained, no sheen, no hydrocarbon odor. 

SAND - as above, brown to 26', grey below 26', muscovite 
E!:~sent in gray sand, slight sheen and hydrocarbon odor below 

SAND - as above, grey, loose, fine grained, no sheen, slight 
reducing odor. 

SAND -as above, medium dense, no sheen, no hydrocarbon odor. 

Drilled to 35.0 feet bgs 
Sampled to 36.5 feet bgs 

* Sample Number Prefix is 2708-971117. 
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Updated: 9/1198 RBE 
File: 2708 GT Borings 

SOIL BORING NUMBER GT-2 

SP 

17 

SP 
18 

19 

Page lof2 

as indicated from drill cuttings and drilling 

SAND - brown, moist, loose, fine grained, poorly graded, no 
hydrocarbon odor or discoloration, no sheen. 

SAND - as above, no hydrocarbon odor or discoloration, no 
sheen. 

SAND - as above, grey, no sheen, slight organic odor. 

Sandy SILT - olive grey, moist to wet, very soft., slightly 
plastic, no hydrocarbon odor, no sheen. 

Sandy SILT - as above, wet, no hydrocarbon odor, no sheen, 
some mica. 

SAND - grey, wet, very loose, fine grained, no hydrocarbon odor, 
no sheen, slight organic decay odor. 
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HAHN & ASSOCIATES, INC. 

Northwest Natural· Gasco Facility 

7900 NW St. Helens Road 
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SOIL BORING NUMBER GT-2 

SP 

28 

31 

SP 

Page 2 of2 

DRILL 

SAND - as above, medium dense. no hydrocarbon odor. no 
sheen. slight organic decay odor. 

SAND - as above. grey, few thin grey silt lenses. no sheen, slight 
organic decay odor. 

SAND - as above, many thin grey silt lenses, no hydrocarbon 
odor, no sheen. 

SAND - as above, no hydrocarbon odor, no sheen. 

SAND - as above. no hydrocarbon odor, no sheen. 

Drilled to 35.0 feet bgs 
Sampled to 36.5 feet bgs 

* Sample Number Prefix is 2708-971117-
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SOIL BORING NUMBER GT-3 

SP 

Page 1 of2 

DRILL 

FINISH 

Time: 

Silty GRAVEL - as indicated from drill cuttings and drilling 
conditions. 

SILT with fine Sand and Gravel - olive grey with some brown, 
moist, stiff, non-plastic, no hydrocarbon odor. no sheen. some 
wood fragments. 

SILT with fine Sand and Gravel - as above. brown, no 
hydrocarbon, no sheen. 

SILT with fine Sand and Gravel - as above. no hydrocarbon 
odor, no sheen, some wood fragments. 

SILT with fme sand and gravel - as above, no hydrocarbon 
odor, no sheen, some wood fragments. 

Silty SAND - grey with brown oxidation spots, moist. fine 
grained, very loose, no hydrocarbon odor. no sheen. 

Sandy SILT - grey, moist, very soft, non-plastic. no 
hydrocarbon odor. no sheen. 

SAND - grey, moist, very loose, fine grained, non-plastic, no 
hydrocarbon odor, no sheen. 
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HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

!Portland,Oregon 

SOIL BORING NUMBER GT-3 

~1(5~03)~7~96~.0~7~17 ______________ ~I~HM~T.~or.~~Ir.RR~. _______ ~&b~,E~de __________________ ~DRUL 

PROJECT: I~AMPUNG METHOD: 2" OD Split Spoon START 

DRUL 

FINISH 

Northwest Natural· Gasco Facility ~n~RTT~· .. L~,I~NG~' M~~;:..:·T.l~.t1U~lJ: ____ 24~ l/4~.illC~p .Q~D~!!u~~R~otary:::: ______ -lTime: Time: 

7900 NW St. Helens Road :EQUIPMErn'~~ B·G1 Mobile Drill 8:20 12:00 

~IP~v,,,r!!"'l~I,~~n'rl~,~ Ore~gon~ _______ -I:'D~Rr~L,~T",E~R::-::--c=-=-==-:-===_~Jim~C~lar~k---::--_______ --lDate: Date: 
iPROJECT #: 270snRTT.T,ING CONTRACTOR: Subterranean, Inc. 11118197 11118197 

~ ~ ~ ~ '~A"n.T"'~T~::': ~ r;:;J ~ ~ ~ Cii ,vn..:::>ll'U- LI~""" __ .. _ 
4 114·inch 

Not Annli,."hl", 

s: ~ > ~ ::r: 9 ;5 0 SURFACE ELEVATION: 19.44 feet MSL 

ootii 8~ t I g::f§ g ~ r;:;J 00 ~ :TOP OF CASING ELEVATION: Not Annli,.~hl, 

;§ ~ Q 

, G 100 

7 100 :21 

028 928 0 8 75 

:22 

1 1~0 J3 
6 • 100 

029 935 0 7 50 '24 

~~~25 

11~~~~-0--30--9--43--0------~~':--'~ ~7~~5~':-:~ 

;-~~----
~!1 ~ ,28 

~~ _________ :29 

~~ 2 100

30 

~"-~ 031 953 1 . 1~031 

1II~ _______ 0 ________ 3_7 __ 532~ 
~~ 
~~ 

33 

34 

35 

I
~ 

~~ _______________ 8_10_0 

~ .!O HJO 36 
~~~--032--1-lI00--0-0---N--D--10--1--00~ 

Updated: 9/1198 RBE 
File: 2708 GT Borings 

37 

38 

39 

40 

SOIL DESCRIPTION 

SP 

SP 

Page 2 of2 

SAND· as above, no hydrocarbon odor, slight organic decay 
odor, no sheen. 

SM'D . as above, moist to wet, no hydrocarbon odor. no sheen. 

SAND· as above. grey, moist to wet, no hydrocarbon odor, no 
sheen, fine grained, some grey silt lenses with rootlets. 

8M!)· as above, many silt lenses, no hydrocarbon odor, no 
sheen. fine grained. 

8A.l\;'1) ·as above, wet. no sheen, no hydrocarbon odor. 

Drilled to 35.0 feet bgs 
Sampled to 36.5 feet bgs 

• Sample Number PrefIX is 2708·971118· 
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SOIL BORING NUMBER GT-4 

DRILL 

START 

Time: TUne: 

12:45 16:00 

Date: Date: 
11118/97 11118/97 

OCCCICE"",," Silty GRAVEL with brick fragments· no sheen, driller lost mud 
at 4.0 feet (voids in fill). 

SP 

Page lof3 

Silty GRAVEL with brick fragments. no hydrocarbon odor, no 
sheen. 

Silty GRAVEL with brick fragments· grey and green silt, no 
hydrocarbon odor. no sheen. 

Sandy GRAVEL with brick - grey, fine grained sand, organic 
decay odor, no sheen. 

Driller indicates smoother drilling below 11.5 feet 

SAND with silt lenses - grey, fine grained, no hydrocarbon odor. 
organic decay odor, no sheen, fme grained. 

No Recovery. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

!r503) 796-0717 

PROu~~ 

Nt. ... .., _~ Natural - Gasco Facility 

7900 NW St. Helens Road 

,Pnrtbntl Oregon 
IPR().l1U~'l' #: ,2708_ 

E-< 
Z 
t:l * we::: ~:3 ...:lr::l t:r:I z- Q.,r:o ::E 0< ::E:E oE-< ~ ZCil <;:J 
<:0 CI.lZ 
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~CI.l r::l 
0 ,...J::r:: 
<:~ ;:J~~ 
Q., E CI.l == CI.lo. r£I...:l 0. Clo. C:::~E-<:~ 

t:r:I 1:0 0 ::r:: jE-< 

0 

0 

0 
; 

-
0 

SOIL BORING NUMBER GT-4 

IHAI T.'"' ,,.,~~ Rob Ede I DRILL I DRILL 

ISA¥PLING METliUU: 2" OD Split Spoon I START ~SH 
IDRg.LI~f! ME'l'liUU: 4 114-inch OD Mud Rotary Time: Time: 

IEQUTPMENT TYPE B-61 Mobile Drill 12:45 16:00 

I nRTT.T .F.R· Jim Clark iDate: Date: 
InRTT.T .rnf! CONTRA~'I'0l!= ~~~.~ ... mean, Inc. 11118197 11118197 

z i~ 
.nTAMETER: 4114-inch 

>< Z Q) 
Q) CASING nTA'~~~"" Not '" ~1; JI~ ~ e::: <:~ 

r::l ~ E-<CI.l 
tci ;>~ ::r: !~ ~~ !SURFACE ELEVATION: 19.64 feet MSL 
CI.l'Ui o~ E-< 

;TOP OF CAF:ING ELEVATION: Not '" ~ 0 Q., E-o;:J c 1. 

0 r::l W I~ 
CI.l~ 

e c::: 0 
SOIL DESCRIPTION 

4, 20 I SAND - brown, ime grained, medium dense, no hydrocarbon 
5 ' 0;2! odor, no sheen, appears to be oxidized. 

: 7 ! 0 i SP 
:2~ 

:23 

6 o I No Recovery. 
12 o 124 

12 i 0 
'25 

5 100 SAND - as above, grey. no hydrocarbon odor. no sheen. fine 

8 25 126 
grained. appears to be oxidized. 

7 0 

;27 

:28 

i 

, i29 
; 

'30 

4 100 ' SAND - grey, organic decay odor, no hydrocarbon odor. no 

5 100 :31 
sheen. fine grained, appears to be oxidized_ 

: 7 25 .." 

:32 SP 
; 
:33 

134 

135 

, 5 100 I SAND - as above. no hydrocarbon odor. no sheen. 

5_ 1()0 '36 

7 25 

,37 

:38 

,39 

140 
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IHAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

IPortland, Oregon 

1(503) 79S-0717 

PROJECT: 

,N", ... 'w~' Natural - Gasco Facility 

7900 NW St. Helens Road 

IPnrll"n.l Oregon 

IPROJECT#: 2708 

E-
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* Pol ","P::: ::E:3 ....:lr::l r::l z- Q.,~ ::E 0< 
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~ moo 
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<~ :::><~ Q., E mQ.,E me. r::l....:l e. Cl e. ~~: <:~ 

r::l ~O 
=c :Sf-< 

ND 
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-
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SOIL BORING NUMBER GT-4 

HAl T .nr.r.FR· RobEde DRILL I DRILL 

SAMPUNG Ml!;TtiUU: 2" OD Split Spoon I START [fINISH 

nRTT .UNG MJ:;TtiU.u: 4 1l4-inch OD Mud Rotary I Time: I Time: 
,~~ ~Ml!;NT 'I'YP~ 
I~"<V" B-SlltfobileDrill 12:45 16:00 

InRTTJ .l<'R' Jim Clark Date: IDate: 
Imm UNG CONTRACTOR: "' .... u.c .. <U'C<U', Inc. 11118/97 11118/97 

Ii 
I~Ul\lNlzDIAMETER: 4J£4-inch z ~ 

'" ~ 
.., 

~ '" <~ I CASING DIAMETER: Not Annl;~"hl .. 
r::l ~ f-<m E-< L~ 
>~ ~?A ISTTRFA(~F. ELEVATION: 19.54 feet MSL Q.,O =c 

m'ti; o~ t ITOP OF CASING ELEVATION: Not AnnH~"hl .. il: u E-<:::> 
0 r::l r::l m~ 

e ~ Q 

ISOIL DESCRIPTION 

8 ~g~!41 15 SAND - as above, dense, no hydrocarbon odor, no sheen. 
17 25 SP 

142 

143 

.44 

145 

7 100 SAND - grey, fine grained, medium dense, some shell 
7 100 ,46 fragments, no hydrocarbon odor, no sheen. 

11 25 
'47 

!48 

SP 
,49 

i50 
8 ' 1~-, SAND - as above, no hydrocarbon odor, no sheen. 

S . 100 :51 
8 0 

52 
, 
53 

Drilled to 50.0 feet bgs 
Sampled to 51.5 feet bgs , ". 

i 54 

55 
* Sample Number Prefix is 2708-971118-

56 

57 

58 

59 

ISO 
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IHAHN & ASSOCIATES. INC. 

434 NW Sixth Avenue 

Pnrtl""d, Oregon 

SOIL BORING NUMBER M-ll 

~(5~IO~3)~79~6~-O~71~7 ________________ ~I~ffiU~'T~,.o~r~~RR ________ ~R~obE~de __________________ ~DruLL DRILL 

FINISH IPRO,JF.CT: SAMPLING ME'rtlulJ: 3-inch Split Sponn/4-.;n"h OD Core Barrel START 

Northwest Natural Gas Co. I-=n~Rn~·.L~.IN~G~ 1Vlt.~T,~r.t'1~ul.J~:_~6~}~J4-i~nch~,ID~·~ Ho~lIo~:..· S~tem~l~ Au~ger ___ ----JTime: Time: 

Gasco Facility~QUIPMENT TYPE B-59 Mobile Drill 13:17 10:30 

~P~nrill',,~.n~~~Ore~gon __ ~ __________ ~n~RTT'~,J .. F~R·~==-===~B~~d~J~~~~~~ ________ ~Dare: Date: 
PROJECT #: 2708 nRTT .T.TNG CONTRACTOR: r ... n-T",.h l:'. _1. ,. Inc. 2-Nov-95 3-Nov-95 

~ til ~ 1&3 IBORING nT.<\METER: IO-inch 

III §I n ~ II ~~ i:~~=~=~TION. :::::~,; 
I~ SOIL DESCRIPl'lON 

MIl-Ol 

• 1------;--.----'----..: 

!~ 
~~~----------------------~--~ 
~~~------------~~~ § ~ MIl-02 

~§~~~----------------~~~ 

.~~,,~ ....... -----

MIl-03 

! 
11 

112 

1350 

,2500+ 

~~--------------~;~!20 

Updated: 9/1198 RAH 
File: 2708 M-ll 

~ Surface: Sandy Silty GRAVEL - brown, slightly moist, grass 

CP 

SP 

~W"""'M~ 

~ 

SP 

SP 

covered area . 

SAND with gravel (3.5-4.0 Feet bgs) - brown, loose, moist, coarse 
grained, pieces of brick 
SAND with l~pblack (4.0-5.0 feet bgs) - black, loose, 
hydrophobic, hydrocarbon odor, no sheen. 

Sandy GRAVEL (5.0-6.5 feet bgs) - black (~pblack), no sheen, 
pieces of brick, large pieces of slag looking material. 

SAND with gravel (7.5-9.0 feet bgs) - black (~pblack), pieces 
of brick, slag looking material (blue coloration), black, moist, 
hydrocarbon odor, no sheen. 

SAND (10.0-10.5 feet bgs) - Lampblack 

SAND (10.5-11.0 feet bgs) - brown, moist to wet, medium grained, 
loose, poorly graded, slight sheen. 

',' 

SAND (11.0-15.0 feet bgs) - black/metallic. moist to wet, strong 
hydrocarbon odor, sheen, brown froth via sheen rest saturared 
with product, silt layers encounrered at 12.5 and 13.5 feet bgs 
approximarely 1 inch thick. 

SAND (15.0-20.0 feet bgs) - saturated with black oily product. 
wet, medium grained,loose, 2 inches of moist silt, olive grey with 
orange oxidation spots at 18.5 feet bgs. 

Page 1 of4 
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son.. BORING NUMBER M-ll 

DRILL 

FINISH 

Time: 

10:30 

Date: 

3·Nov·95 

SAND (20.0-23.0 feet bgs) • wet, loose, medium grained, poorly 
Sp graded, sheen on core, saturated with oily product. 

SP 

SILT (23.0·25.0 feet bgs) . olive grey, moist, root zones, soft black 
viscous tarry material, some sand from 24-25 feet bgs. 

SAND (25.0·30.0 feet bgs) - wet, medium-grained, poorly graded, 
loose, product saturated, froth via sheen test, saturated with 
product to 30.5 feet bgs. 

SILT (30.5·35.0 feet bgs)· green to grey, brown, moist, stiff, 
plastic (some clay content), oily product migrations through root 
zones/fractures. 

SILT (35.0-40.0 feet bgs)· green, moist, stiff, plastic (some clay 
content), no product observed within core, root zones clean, 
slight sheen. 

Page 2 of4 
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SOIL BORING NUMBER M-ll 

DRILL 

FINISH 

Time: 

13:17 10:30 

Date: 

3·Nov·95 

Sll..T (40.0-45.0 feet bgs) - olive grey, moist, stiff, root zones 
present, no product observed, no sheen via sheen test. 

SILT (45.0-49.0 feet bgs) - olive grey, moist, stiff, root zones 
present, no product, no sheen, large 6·inch tree limb/trunk at 45 
feet bgs. 

Sandy SILT (49.0·50.0 feet bgs)· as above. 

Sandy SILT (50.0-51.0 feet bgs) - olive grey, soft, moist to wet, 
sheen? 

SILT (51.0-53.0 feet bgs) - olive grey, moist, stiff, root zones, 
wood fragments. . " 

SILT (53.0-55.0 feet bgs) - green, slightly moist, stiff, no sheen. 

1540 - stop for da), 
1113195 - start drilling at 0825. 

SILT (55.0-60.0 feet bgs) - green, slightly moist, stiff, no sheen, 
no product, 6-inch sandy silt zone at 58 feet bgs. 
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IHAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue son.. BORING NUMBER M-ll 
I,:, u ... u~~, Oregon 

~1(5~03)~79~6-~07~1~7 ______________ ~IHM~IT~.n~r~~~R· ______ ~R~ob'E~de __________________ ~IDRILL I DRILL 

FINISH IPROJECT: I SAMPLING ~THOlJ 3-inch Split'" .IA -', OD Core Barrel I START 

, INorthwest Natural Gas Co. ~ln~RTT~IL~IN~Gr~ Mt;~'T~HO~lJ: __ ~6:..:' 1~J4-i~nch::.:d~D' H~on~ow'~ Ste~ml~ Au~ger=-__ -lITime: ITime: 

10:30 Gasco Facility MENT TYPE B-59 Mobile Drill 13:17 

~IP~n'rl~l~n,n~O~re~~n~~ ________ ~I~nRTl~I.T.~~R·~==-=~_~Brad~IJ~~e~s ____________ ~IDate: IDate: 
IPROJECT #: 2708 IDRIWNGCONrRACTOR: -;:;- ~. "J;.~t;nn~-lnc. ! 2 ".u-95 3-1'';\>,'-95 

i 

If5 IHOKING DIAMETER: 10-inch 
~ ~ ~ ~ ] I~ ~ 00 flc~AS':'::':"'ING':"'.-==DIAME=::'a'=.t;K':":""':-----'N::':""'::ot=AD=---Dli=-.h-lp------l 

6 ~ ~ ~ i' ,~ ~ ~ ISURFACE ELEVATION: 35.4 feet MSL 

C) ~ ~ ~ i 19 ~ e ITOP OF CASING ELEVATION: Not Annl;r"hl" 

18 SOIL DESCRIPTION 

: 61 

62 

Sandy SILT (60.0-65.0 feet bgs) - olive grey, moist. stiff, sheen on 
outside of core from water in hole. no sheen inside core. 

~~ ______________ ~~~~6=3~ 

.~~ ____________________ +-~'~i~64 

. ~ 65 
: ~ ~-----------!-:-'----I 

Ml1-14 1020 

• Ml1-15 1030 

, 

Updated: 9/1198 RAH 
File: 2708 M-ll 

7.8 

2.3 

66 

i 
67 

, '68 

. 
170 

, 71 

, 
'72 

73 

74 

75 

76 

77 

'78 

'80 

l,t.RM} 

~] 

Sandy SILT (65.0-67.5 feet bgs) - olive grey. moist. stiff. sheen on 
outside of core from water in hole. no sheen inside core. 
approximately 1J4-inch of sand in end of core. 

Silty SAND (66.0-66.5 feet bgs) - olive greY,wet, moderately 
dense. no sheen. 

[fSM1 SAND (67.5-68.5 feet bgs) - brown. wet, moderately dense, no 
Ik"''''.;>'''''~ sheen. fine grained. 

SP SAND (68.5-70.0 feet bgs) - brown. wet,loose, poorly graded, no 
sheen. fine grained. 

Boring terminated at 70.0 feet bgs. 

*S~ple prefix is 2708-951102-

Page 4 of4 
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LABORATORY TESTS: SOIL GRAPH: 

AL Atterberg limits SM Soil Group Symbol 
CP Compaction (See Note 2) 
CS Consolidation 
OS Direct Sheer 
GS Grain - size Distinct Contact Between 
%F Percent fines Soil Strata 
HA Hydrometer analysis 
SK Permeability Gradual or Approximate 
SM Moisture content ~ Location of Change 
MD Moisture and density 8etween Soil Strata 
SP Swelling pressure 
TX Triaxial compression 

~ Water Level UC Uncanfiend compression 
CA Chemical analysis 

Bottom of Boring 

BLOW-COUNT/SAMPLE DATA: 
22 • Location of relatively 

Blows required to drive a 2.4-inch 1.0. 

~
. undisturbed sample 

split-barrel sampler 12 inches or 12 t8l Location of disturbed sample 
other indicated distances using a 
300-pound hammer falling 30 inches. 

Blows required to drive a 1.5-inch I.D. K 
(SPT) split-barrel sampler 12 inches 
or other indicated distances using a 
140-pound hammer falling 30 inches. 

"p" indicates sampler pushed with 
weight of hammer or against weight 
of drill rig. 

NOTES: 

17 0 Location of sampling attempt 
with no recovery 

10 [J Location of sample obtained. 
in general accordance with 
Standard Penetration Test 
(ASTM D 1586) procedures 

26 [ll Location of SPT sampling 
attempt with no recovery 

Location of relatively undist'urbed 
sample obtained using a 3-inch
diameter thin-wall sample tube. 
Sample obtained in general 
accordance with ASTM D 1587. 

15 Location of grab sample 

1. The reeder must refer to the discussion in the report text. the Key to Boring 
Log Symbols and the exploration logs for a proper understanding of 
subsurface conditions. 

2. Soil classification system is summarized in Figure 3. 

-~II" KEY TO BORING LOG SYMBOLS 

FIGURE 4 Geo~~Engineers 
~ L-__________________________________ ~L_ __________________________________________ ------
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L!J 

lJ:.ST DATA \ ... BORING G-1 t.·.; 

DESCRIPTION 
Moisrure Dry 
Coment Density Blow Group 

Lab Tests (%) (pet) Count Samples Symbol 
o-r~~~~~----~~---F~~~~~;~ .. o .. orA7rC~----~3~[~O~4~in~c~he=s~~~p~ha~l~t~co~n~c~r~et~e--------------------------~O 

o. 0 GP 1 1I2~inch-minus gravel (dense. moist) (fill) 

~:T: ~: ~ I SM Black silty fine sand with occasional gravel (loose. moist) 

5-

10-

15-

20-

25-

30-

35-

40-

MD 9 

MD 19 

MD. 
CS 

39 

90 

88 

82 

8 

9 

5 

6 

6 

2 

6 

p 

5 

4 

~ : :I~:·: (pe~e;:~~ike odor. field screening: moderate sheen. n V = 

to:-: SP Gray-black fine sand with trace silt (loose. moist) I : : : : (petroleum-like odor) 

~::;; 

j:::: 

fj ... . lJ ... . 

.... I
:::: 

~ 

I 

ML 

~ 

I~ ML 

~r v.. ::3:JM 

Grades to wet 
(field screening: heavy sheen. n V = 250 ppm) 

Soil saturated with heavy petroleum-like material 

(field screening: heavy sheen. TLV = 1.800 ppm) 

Dark gray silt with trace [0 no fine sand and trace clay (soft. 
moist) 

(petroleum-like odor) 

Grades to medium stiff and gray with brown mottling 
(no petroleum-like odor. field screening: slight sheen. TL V = 

160 ppm) 

Brown with gray mottled silt with trace clay and fine sand 
(medium stiff. moist) 

(field screening: no sheen. TLV = 180 ppm) 

Brown silty fine sand with trace clay (loose. wet) 

I 
Note: See Figure 2 for explanation of symbols 

FIGURE 5 

-~'I" 
Geo~~Engineers 

LOG OF BORING 

f-5 

"-10 

-15 

"-20 

~25 

~35 

L....40 

Koppers022618 
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TEST DATA 

Moisture Dry 
Content Density Blow Group 

BORING G-1 
(Continued) 

DESCRlPTION 

Lab Tests (%) (pet) Count Samoies Syml:iol 
+O-r~M7.D~~~41~--~8~2~~3~~~I~:~:1~::~F--------------------------------------------40 

45- 2 ~::::: 

;..;. ML 

50- MD 44 77 7 I 

55-

~o-

65-

70-

75-

80-

. Nott:: See Figure 2 for explanation of symbols 

-~",. 
Geo ~~Engineers 

(field screening: no sheen. TLV = 100 pm) 

Brown silt with trace fine sand and clay (soft to medium stiff. 
moist) 

Grades to medium stiff 

Increasing sand content at depth 
Boring completed at 51.5 fect on 04/11/97 

LOG OF BORING 

FIGURE 5 

-45 

1-50 

'-55 

-60 

-65 

1-70 

'-75 

-80 

Koppers022619 



1.::.ST DATA -. BORING G-2 . .. \. . 

I .- DESCRIPTION 
Moisture Dry . 
Content Densiry Blow Group 

Lab T=sts (%) (pct) Coun: Samoles Symbol 
0 

1 
~IAC 1 inch asphalt concrete 0 

~GP 1 112-inch-minus gr.lvel (dense, moist) (fill) 
....... SP Gr.ly-black fine sand with tr.lce to no silt (medium dense, moist) ....... . , ..... 

I 
....... 

(no petroleum-like odor) MD 9 95 14 r······ ....... 

...... ....... 

I 
5- 10 ~::::::: (field screening: slight sheen, TL V = 60 ppm) !-5 ....... 

....... ...... Grades to loose, wet 
I::::::: 

I MD 19 96 7 ....... Soil saturated with petroleum-like product 

--....... ....... 
10- 3 ~::::::: (field screening: moder.lte sheen, nv = 110 ppm) r-l0 ....... 

I ....... ....... ....... ....... ....... ....... ....... 

I 
....... ....... ....... ....... ....... 

15- MD 22 90 2 I::::::: !-15 
....... 

I l-w ....... 
w ....... 
u... ....... ....... 
~ 

....... ....... ....... 
- ....... 

I ;:: 
....... ....... 

c- ....... 
w 

....... 
1-20 ,..., 20- 3 ~:::::: ...... 

: :;.: ML Dark gr.ly silt with fine sand (soft, moist) 

I (field screening: slight sheen, TLV = 1,600 ppm) 

I 25 - MD 22 96 3 1 
Grades to gray 

1-25 

I 
VV ML Brown with gray mottled silt with trace clay and fine sand 

I 30- 6 ~ 
(medium stiff, moist) 1-30 

(field screening: slight sheen. TLV = 100 ppm) 

I 
I- 35 

35-

I 
MD 45 76 1 I .... Brown silty fine sand with trace clay (loose. moist to wet) .... SM .... .... .... .... .... .... .... .... ., ... .... 

~ 
5 

.... . -..... .... 
l! 1-40 .... 

40-
.... 

Note: See Figure 2 for explanation of symbols 

"-~'l" LOG OF BORING 

Geo~~Engineers FIGURE 6 . 

Koppers022620 
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I~ 
UJ 
~ 
LL. 

Z 

1= c.. 
w 

reST DATA 

Moisture Dry 
Content Densiry Blow Grouo 

BORING G-2 
(Continued) 

\. .. 

DESCRIPTION 

Lab Tests (%) (pet) Count Samoles Symtiol 
40~~----~~--~~--~~~~~ff.:·:·~·:~'::'I~·:I--------~(~-~I~·~~~~~'~~T~I"V~~10~0~~)---------------40 ne c sc~e=nmg: no sneen. _ = ppm 

45 I 9 

15 

50 

SM -') 
.)- 28 

0;--" 

SOil" 

50 

j 
65 

70 

80 

Note: See Figure 2 for explanation of symbols 

~~ . Geo~~EngIneers 

SP 

(field screening: slight sheen. n V = 100 ppm) 

Gray-brown fine sand with silt (medium dense. wet) 
(field screening: no sheen. n V = 40 ppm) 

Dark gray silty fine gravel (weathered bedrock) (very dense. 
wet) 

Boring completed at 58.6 feet on 04/12/97 because of refusal 

LOG OF BORING 

FIGURE 6 

" . 

Koppers022621 
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w 
w 
4-

I 
I-
0.. 
W 
0 

::::'\ 
0 
"0 
"0 
CD ., 
CIJ :n 0 
N C) N 

C (J) 
N :0 
N rn 

-...j 

o o , 

It 

Vandehey Soil Ex LL_C 
Opere tor 

Location 

S.VAN/S.MES/H.MC 

Pi/KOPPERS PORT 

CPT Date 04-12-97 11: 01 Sounding 

.Job No. 

SND433 Pg 1 / 1 

5827 

C(x~E PRESSURE 
ot £Ton/ft ~21 

250 

Client GEO ENGINEERS 

SLEEVE fRICTION 
fs (Ton/tt~21 

o 2.5 

FRICTION RATIO PORE PRESSURE DIff PP RATIO 
fa/n (ll Pw (pal) liP/at (Xl 

10 -25 0 100 -25 0 iOO 

lIfT ERPRETED 
PROfILE 

01 I ·f I 0' , I 0+1 --41-'---'---'--1 01 ()ushed nod 
Sand 10 Sihy Sand 
(medun d(l1SO) 

Sand 10 Sihy Sand 
(loose) 

b~~~ r I 

1 20 

(medun sliH 10 sinH I 
~ 20 201 ( ~ 20~ 'I 

I 

l~ l~ 1 ~ 
1 

j J ~'I j ~,,~ 
, L 1 

J~ i 40j , 1 4
0 

J Sand 10 Sihy Sarx:! 
(me<fun d(l1solo der6e) 

~ -> ~ "/ ~ l ~ \, , ~ I I ~ 

~ 

1 ~~ /. j ~ 
?::... 

~I ~ ~ I ~ a'l PrctJo ronl~led al 57.1 1001 I 60i 

. , 
I 601 I 

I 
I on (M! 1U97 because 01 re~J"~ll I I . 60 ! ! I I I I 60 I ! I I , 60 I 60' 

Oenth Increment : .1 m Max Denth : !'i7.0Q r~ 

,.... 
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w 
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::::'\ 
0 
"0 
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N G> (J) c N 
(,V J] 

rn 
(» 

o 

-----------
Vandehey Soil Ex LLC 

Operator 

Locat1on 

S.VAN/S.MES/H.MC 

P2/KOPPEAS PORT 

CPT Oate 04-12-97 14: 59 Sound1ng 

Job No. 
SND434 Pg 1 / 1 

5823-001-43 

COtIE PIlESSURE 
Ot (Ton/tt'2) 

:>50 

SLEEVE FRICTION 
Fe (1on/tt"2) 

C11ent GEO ENGINEERS 

FRICTION RATIO POnE PREssunE DIFF PP RAno 
Fe/O (II Pw (pel) AP/Ot (XI 

ImEnPRETED 
PROFILE 

0-1 ' --< -I 
o 2.5 

01 1 
10 -25 0 100 -25 0 

Ii I O-t--I I 0-1-1 -41-'---'---'----\ 
100 

01 Oushed nodi 

n II II 

J .J I ~ ~ I ~\ 

~~ -\ 401 ~ ~ 40~ '---

~ 

1 I 
\ 

, ~ 60 60" 60 

non .. " Tn,..rrmpnt- 1 m 

20i \ 1 20~ 
I 

1 
I 

: ~ 
I 1 I 1 ~ 

~ 40~ /I) -\ 40-1 

J 

I 

r 

J 

SaM 10 Sihy Sand 
(meoon dmse) 

SaM 10 Sihy SaM 
(Ioo>e) 

L. '" CO", '" 
(soH 10 medun slill) 

-I 20 ~ 

(medilfll dmse 10 dense) 
1 SaM 10 Sihy SaM 

~ 40 

~ CPT P,OOO (X)(I'(illed al 52.8 leel 
011 o.t/lU91 because oI,ehlSal ~Ij: 

60: I J 60L~~ ' .J 60 

MAX nAot:h : !'i2 _ R? fl". 

.11"_ 
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TABLE Bl - Monitoring Well Construction Summary 

Remedial Investigation 
Northwest Natural- Gasco Facility 
7900 NW St. Helens Road 

Portland, Oregon Project #270S 

Well 
Number 

MW-1-22 

MW-2-32 

MW-3-26 

MW-3-56 

MW-4-35 

MW-4-57 

MW-5-32 

MW-6-32 

I 
Date 
Inst~l1ed 

I 
24-0ct-95 

6-Nov-95 

I-Nov-95 

1-Nov-95 

Date Decom-IInstallation 
missioned Method 

Monument 
Type 

Hollow-Stem 'Above-grade 
Auger 

Hollow-Stem I Flush 
Auger 

Hollow-Stem 'Above-grade 
Auger 

Hollow-Stem 'Above-grade 
Auger 

Screen Type 

Slotted PVC 

Slotted PVC 

Continuous wrap 
stainless steel 

Continuous wrap 
stainless steel 

Slot 
Size 

Well 
Sand Pack I Diam. Ground I Top of Casing 

Surface 
Boring Depth Top Screen 

(inches) I (Colorado) I (inches) I (feet ms}) 
(feet 
msl) 

(feet 
bgs) 

(feet (feet (feet (feet 
bgs) ms}) bgs) ms}) 

0.020 10-20 2 32.0 34.75 (2.S) 22.0 10.0 I 11.0 21.0 

0.020 10-20 2 35.S 34.46 1.3 32.5 3.3 21.5 14.3 

0.020 10-20 2 31.2 I 34.11 (2.9) I 26.0 5.2 I 15.0 16.2 

0.020 , 10-20 2 31.2 I 34.07 (2.9) I 56.0 -24.S I 45.0 -13.S 

I 

Base Screen 

(feet (feet 
bgs) msl) 

21.0 11.0 

31.5 i 4.3 

25.0 6.2 

55.0 -23.S 

Water Level 
1.Jun-98 

(feet (feet 
btc) ms}) 

14049 20.26 

16.97 17.49 

: Top Silt Unit 

(feet (feet 
bgs)_.. ms1)· 

22.5 9.5 

31.5 4.3 

~6.61 17.50 I 25.0 6.2 

1
16.

51 17.56 ·~5.0 6.2 

31-0ct-95 Hollow-Stem lAbove-grade 
Auger 

Continuous wrap 
stainless steel 

0.020 10-20 2 31.7 I 34.54 (2.S) 35.0 -3.3 24.0 7.7 I 34.0 I -2.3 16.90 17.64 25.0 6.7 

30-0ct-95 -IHOIIOw-Ste~1~1>ove_grade Ico~tinUOUS wrap' 0.020 , -~0-20 ,_. 211 31.7 34.53 (2.S) 57.0 -25.3 I 46.0 
Auger stamless steel 

I . 

-14.3 

~
"---I -- --,- , I 

Hollow-Stem . I 
27-0ct-95 - A Above-grade I Slotted PVC 0.020 10-20 2 I 25.1 27.83 (2.7)! 32.0 -6.9 21.0 

uger. I I 
4.1 

9-Nov-95 ,IAHOllow-Stem '1' Flush !CtO~nltinuousteewlrap 0.020 10-20 2 35.8 'II 35.51 0.3 32.0 3.S 21.0 14.: 
; uger! ,s al ess s . ; . 

I 
~ ! 

56.0 I -24.3 17.00 17.53 25.0 6.7 

31.0 -5.9 10.33 17.50 16.0 9.1 

19.76 30.5 5.3 

~'l\l! ~ 61 "" N . 9" ')" 'I)' . l17 IHOllow-Stem Fl "h iCuntinu()us wrap 0 ()20 I 1020 'J '}r. S I 3.1 "'0 I') 61 () -2' ::;.J r.() 0 14 0) "(-) l') "4'J '3() '1 r.).} " ;, -u- - , - ,()\. -•. .1 -", •. ec-., u" I· I t I . - - '_l,l., ...... ) •• _1 • ..,.'-' 0). -._ " . . -L '._ .' .'. • .'.J 
I\ugl'r : ::;talll C5S l:i,cl~ 

MW-8-29 26-0ct-95 -,AHO-IIO-W--st;IIl lAbove-grade iCtO~tinl uoustew1rap 2 36.5 39.09 (2.6) 29.0 7.5 IS.0 IS.5 2~~0~~5~i-2~.05 19.04 27.5 9.0 
uger I s am ess s e I I 

! ' I ~----~----------~----------~ 

MW-S-56 25-0ct~95 !AHOllow-Stem I,Above-grade i~oninltinuou~wrl ap 2 36.5 39.13 (2.6) 56.0 -19.5 45.0 -S.5 55.0 -IB.5 21.63 17.50 27.5 9.0 
uger . !S a ess s 

MW-9-29 , 23-0ct-95 
!H II St ...- - .. . ; " I I I I -T- I . iA:g;~- em IFIUSh I Slotted PVC 0.020 I 10-20 2 37.9 I 37.65 0.3 29.0 B.9 IS.0 19.9 2B.0 9.9 7.25 30040 I 11.0 

MW-I0-25 9-Nov-95 I Hollow-Stem lAbove- ade ICo~tinuous wrap 0.020 10-20 36.5 39.22 (2.7) 25.0 11.5·~· 14.0 22.5 24.0 f 12.5 14.63 24.59 
I Auger 1 gr Istamless steel,;*, 

23.5 

MW-I0-61 S-Nov-95 I Hollow-Stem Above- ade Co~tinuous wrap 0.020 10-20 36.5 39.33 (2.S) 61.0 -24.~!W 50.0 
J Auger gr stamless steel ~J -13.5 60.0 -23.5 14.36 24.9723.5 

MW-1l-32 3-Nov-95 jHollow-Stem lAbove-grade iCo~tinuous wrap 0.020 10-20 2 35.4 3S.39 (3.0) 32.0 3.411":'-21.0 
iAuger I Istamless steel ;~. 

I ::' ::~ 
i Hollow-Stem ' I :'1 :W-12-36 23-0ct-95 jAuger !Above-grade iSlotted PVC 0.020 10-20 2 35.9 3B.69 (2.B) 36.0 -0'~cl:_25.0 

MW-13-30 19-Dec-97 IHollow-Stem iFIush I!Co~tinuouswrap 0.020 10-20 2 35.2 34.86 0.430.0 5.~lrI9.0 
jAuger· stainless steel . ,~, 
l...l ., .• 

!Hollow-Stem Flush 'ICo~tinuous wrap 0.020 I 10-20 2 35.2 34.78 0.4 61.0 
iAuger stamless steel 

-25.t"'l 50.0 
! 

IB-Dec-97 MW-13-61 

Note: bgs = below ground surface bte = below top of casing msl = mean sea level PVC = polyvinyl chloride 

14.4 31.0 

10.9 35.0 

16.2 29.0 

-14.S 60.0 

i 
404 ; -12.85 . 25.54 . 30.5 

0.9 

I' 6.2 
I 

-24.S 

-, 

: . 9.B3 -.. 2S.S6-: 

15.69 

I 17.11 
1 

1 
19.17 '1 

17.67\ 

4.5 

2S;5 

28.5 

26.9 

13.0 

13.0 

4.9 

31.4 

6.7 

6.7 

Updated: 9/24/98 REB 
File: 2708 MW Const. Summary 
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KEY TO BORING LOGS 

UNIFIED SOIL CLASSIFICATION SYSTEM (uses) 

MAJOR DMSIONS 

GRAVELS Clean Gravels 
With Little or 

GROUP SYMBOLS TYPICAL NAMES 

GW Graded Gravels. Gravel-Sand Mixtures 

COURSE 
GRAINED 

SOILS 

No Fines 

MOreThanHW[thel __ ~~:::: ____ 1-~G:P~~~~~~l:::~G~r:a~d~OO~G~ra:v:e~b~'~G~r:av:e~I-~s~an~d~NUx~'::tu=r:e~s __________ J Course Fraction is 
Larger Than 

No.4 Sieve Size 

More Than SANDS 
Halfis 

Larger Than 
#200 Sieve More Than HW[the 

Course Fraction is 

Gravels With Over 
l2%Fines 

Clean Sands 
With Little or 

No Fines 

GM Gravels, Poorly Gradoo Gravel-Sand-Silt Mixtures 

GC Gravels, Poorly Graded Gravel-Sand-Clay Mixtures 

SW Graded Sands, Gravelly Sands 

SP Graded Sands, Gravelly Sands 

Smaller Than 1--------------+--------1h::

FINE 
GRAINED 

SOILS 

More Than 
Half is 

Smaller Than 
#200 Sieve 

No.4 Sieve Size Sands With 
Over 12% Fines 

SILTS AND CLAYS 

Liquid Limit Less Than 50% 

SILTS AND CLAYS 

Liquid Limit Greater Than 50% 

HIGHLY ORGANIC SOILS 

LEGEND FOR BORING LOGS 

Blank Casing 

Screen 

CeJ;Ilent Grout 

Updated: 712198 RBE 
File: Boring Log Key 

SM 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

Pt 

Sands, Poorly Graded Sand-Silt Mixtures 

Very Fine Sands, Rock Flour, Silty or 
or Clayey Silts with Slight Plasticity 

: ..... 11" ..... Clays of Low to Medium Plasticity, Gravelly Clays, 
Silty Clays, Lean Clays 

~~J[non!llLllic Silts, Micaceous or Diatomaceous Fine Sandy or 
Elastic Silts 

IIn()rg~mic Clays of High Plasticity, Fat Clays 

and Other Highly Organic Soib 

ABBREVIATIONS 

NA 

ND 

NS 

PAH 

ppm 

SPT 

Not Applicable 
r 

Not Detected Above: Detection Limit 

Not Sampled 

Polynuclear Aromatic Hydrocarbons 

Parts Per Million 

Standard Penetration Test 

Measured Static Water Level in Well 

Estimated Water Level During Drilling 

HAHN AND ASSOCIATES, INC. 

Koppers022626 



HAHN & A~~Or.I>\TES, INC. 

434 NW Sixth Avenue MONITORING WELL NUMBER MW-1-22 
!Portland, Oregon OWRD# 

1(50~U!}f)..Q'lI7 IHAI T .nr.nF.R· RobEde DRILL DRILL 
iPROJECT; I!':AMPT .TllTr. D'LColnuU; Core Barrel START FINISH 

·~v.~ ,~~. Natural Gas Co. In!?".I.TllTr. JIU,-U1UU; 6 lI4-inch ID Hollow Stem Auger Time; :Time; 

IGasco Facility 11_11£L B-59 Mobile I>ril! 11;30 13:10 
In .• 1. Oregon in!?TT.I.FR· Brad James Date; Date; 
IPRO·JECT; 2708 I nRTT .1.TNr. CONTRACTOR: ueD-lecn ~ .... ~. ._. 24-Oct-95 24-Oct-95 

Z me I~ . : DIAMETER: lO·inch 
0 rz:l Eo< c. ... >- ... 

* 
., 

..J§:S r.J~ 0 ..Jc. ~ ~ 
., 

ICASING D~-.:U{: 2-inch ID 
..Jr.J rz:l <~ ::J-

tci 
rz:l ~ I~ ES $ r;H~~ p.J:Q ::s Po. e m ., 
>~ ~~ i!':llRl:'AI"'F 'Fl.~· , .... ,,"'. 32_0r;o, .... M<:I 

::S::s CIlc. rz:l:I: O~ t ~tir.J E::: Qc. ~~ mlil 

I~ ~~ ITOP OF CASING ELEVATION: 34.75 feet MSL <::J <- ~ 0 
ZO m Z rz:l j~ 

0 rz:l r.J 
0 :I: e ~ Q 
u It! SOIL DESCRIPTION 

r- , 
t ; I -3 
:...-; 
I c i i I 

1 -2 I ~ I I 

I! i -1 Ground surface 

Ml·0l 1135 1 0.9 i 5.8 : Is ...... ' """".S""'.GRAVEL ....................... ,' 
! brick.. 

i 1 

i 

i : 2 

I i ; i ; 

i I 
; 

3 
: : , 

3" i Sandy GRAVEL (3.0-3.5 feet bgs) - brown, moist. 

1[1 
MI-02 ; 1150 ' : _1~8 _: .,. 4 Sandy GRAVEL with silt (3.5-5.0 feet bgs) - brown, moist, no 

; i 1.1 
I : 
, 

. Ii Ii 
MI-03 • U58 , 

, 4_1 

I 
i 
i , 

: ! 

: ; 

; : 

, 

= M1'()4 1205 i 

:::::- , 

= ! : 

.~ .~ 
: , 

I 

J , 

: . 
;. 

, ; 

MI-05 ' 1220 

= 
:::::::::: == 
:::::::::: 
:::::::::: 

Updated; 9/9198 RAH 
File; 2708 MW-01-22 

1.4 
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, 

! 

- ; 

; i 

: 

: 

: , 
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i 
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, , 
: i ; 
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, , 
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, 
, 

t 
5 ~C!!'. 

i 

6 

~ 

8 

9 
: 

' l~ 

, 
U 

.' 

12 

! 
I 13 
i 

I~ 
, 
; 14 

! 
i l§ ~ 
! SP 

! 16 

: ! 

i 17 

i 

: 18 
; 

: 19 

.. 

: 20 

hydrocarbon odor, no sheen,lampblack at 4.0-4.5 feet bgs. 

Sandy GRAVEL with small cobbles and bricks (5.0-10.0 feet 
~) - olive grey, moist to wet, no h~n odor, no 

een,lampbl8ck from 5.0-5.4 feet gs . 

Gravelly SAND with silt and pieces of brick (10.0-12.5 feet 
bgs) - moist, hydrocarbon odor, no sheen, wood fragments. , 

I ~. 

GravelllT. SAND with silt and pieces of brick (10.0·12.5 feet 
bgs) - 0 've grey with blue staIning, moist to wet, 
hydrocarbon odor, no sheen. 

Silty SAND with gravel (15_0-16_0 feet bgs) - brown with 
turquoise blue staining,wet, strong hydrocarbon odor. 

SAND (16.0-20.0 feet bgs) - olive grey, wet, fine grained, 
strong metallic sheen on core, black staining. 
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IHAHN &.11. QQor IA't'EE.. INC. 

1434 NW Sixth Avenue 
1l>"rtIand. Oregon 

(503) 796-0~17 

PROv~~ 

'u.~"~~. Natural Gas Co. 

!Gasco Facility 

IPnTtl"nrl, OregCl!l. 
IPRO·TECT: 2708 

Z 
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..J§:S r.l& 
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Updated: 9/9/98 RAE 
Flle: 2708MW-01-22 
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0.46 

MONITORING WELL NUMBER MW·l·22 
OWRD# 

HAl T.nl"'.r.F.R· RobEde DRILL DRILL 

!O:::AM"PT.ING Ml!.Tnvu: Core Barrel START FINISH 

nRn.T.ING 6 1I4-inch.. ID Hollow Stem Auger Time: ITime: 

il!;~Ulr~llIrl!; B-59 Mobile Drill 11:30 13:10 

InRTT.T.li'R· Brad James Date: !Date: 
inRTT J .rnn CO~~OR: Geo-Tech ~, .. ~~95 24·Oct·95 

.., ~ ~ 
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J ~9 
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, 40 

ESCil 
~g 
f-o:l 
rn-

I",'" . '.'c.: 
SP . 

.... ..:.",. 

iBORING nTAM1;"I'li'R· lO-inch 

ICASIl'J(; na MlM'VR· 2·inch ID 

IO:::TTRli'AC'!F. F.T."'··· ... ·"''''· 32.0 Feet MSL 

ITOP OF CASING ELE'vATIVN 34.75 feet MSL 

SOIL DESCRIPTION 

SAND (20.0·21.4 feet bgs) • blac:k, wet. loose, poorly graded, 
fine grained, oily product coated, wood fragments. 
SILT (21.4·21.5 feet bgs)· moist, slight sheen?, wood 
fragments . 

Sn.T (21.5·25.0 feet bgs) - olive grey, moist, slightly plastic, no 
sheen, mild hydrocarbon odor 

Boring terminated at 20.0 feet bgs 
Boring sampled to 20.5 feet 
Monitoring well installed to 20.0 feet bgs 

Materials: 
10 feet 2-inch diameter, 0.010-inch PVC slotted screen 
15 feet 2-inch diameter PVC blank casing 
1450# bags 10120 sand 
6 50# bags bentonite chips 
1 end cap 
Iloclting cap 
above-arf!de steel monument 
3gu posts . . 

Well depth is 25.0 feet below top of casing 

• Sample PrefIX Number is 2708-951024 

; 

" ~. 
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& ASSOCIATES, INC. 
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Updated: 712J98 RAIl 
Fil.2708 MW-02·32 
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<~ iIl-rzJ 
j~ ::c 
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MONITORING WELL NUMBER MW-2-32 

~ 
rzJ 
>~ 
o~ 
u 
rzJ 
Il:: 

OWRD# 84235 

SP 

SP 

Ground surface 

Surface: Sandy, Silty, GRAVEL· moist, brown, well graded, 
stone for parking lot. 

SAND (1.5-4.0 feet bgs). brown, slightly moist, loose
j 
poorly 

graded, fine/medium grained, no hydrocarbon odor, sight 
sheen? 

SAND with gravel (5.0-6.5 feet bgs) • brown, slightly moist, 
loose, poorly graded, fine/medium grained, no hydrocarbon 
odor, slight sheen, lampblack in end of sampler. 

Sandy, Silty, GRAVEL (6.5-7.5 feet bgs) • lampblack, pieces 
of brick, concrete. 

Driller notes large concrete pieces at 8.5 feet bgs. 

Sandy, Silty, GRAVEL 00.0-11.5 feet bgs) - as above, some 
lampblack. hydrocarbon odor, slight sheen. 

Sandy GRAVEL (12.5-14.0 feet bgs) • olive grey, moist,loose, 
hydrocarbon odor, sheen, brick in end ofsampler. 

Sandy GRAVEL 05.0-16.5 feet bgs) -large pieces of brick 
material, loose, hydrocarbon odor, sheen. 

Gravelly Sand (17.5-19.0 feet bgs)· yellowlbrown, moist, 
poorly graded, fine grained, no hycdrocarbon odor, no sheen, 
minor olive grey silt lenses. 

, 1,. 

~e 1 0(2 
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&; ASSOCIATES, INC. 

Uodated: 712198 RAIl 
File270B MW.(l2-32 

MONITORING WELL NUMBER MW·2·32 

SAND (20.()'21.5 feet bgs)· orangelbrown, moist, loose, 
poorly graded, medium grained, no hycdrocarbon odor, no 
sheen. 

SAND (22.5-23.0 feet bgs) - as above, wet, no hydrocarbon 
odor, no sheen. 

SAND (23.()'24.0 feet bgs) - olive grey, wet,loose, tine 
grained, no hydrocarbon odor, no sheen. 

Silty SAND (24.()'25.0 feet bgs) - wet, slightly dense, 
hydrocarbon odor?, no sheen, olive grey silt lenaes. 

Silty SAND (25.()'27.5 feet bgs) - wet, slightly dense, tine 
grained, slight hydrocarbon odor?, no sheen. 

Silty SAND (27.5-28.5 feet bgs) - olive grey, wet, loose, fine 
grained, no hydrocarbon odor, no sheen. 

Sandy SILT (31.5-32.5 feet bgs) - olive grey, orange oxidation 
spots, no hydrocarbon odor, no sheen, thin lenses of fine 
grained sand. 

Boring terminated at 32.5 feet bgs 
Boring sampled to 32.5 feet 
Monitoring well installed to 31.5feet bgs 
Well depth is 31.5 feet below top of casing 

Materials: 

" I.. 

10 feet 2-inch diameter, 0.02().inch PVC slotted screen 
21.5 feet 2-inch diameter PVC blank casing 
12 50# bags 10120 sand 
13 50# begs bentonite chips 
1 end cap· 
1 locking cap 
Flush steel monument 

• Sample Prefix Number is 2708-951106-

PaP! 20(2 
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Updated: 712198 RAH 
File: 2708 MW-03-26 
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r.J j~ ::I: 

.... ., 
~ 

~~ 
~ 
0 e 

MONITORING WELL NUMBER 

>-
~ 
~ 

>~ 
o~ 
0 
~ 
~ 

Ground surface 

MW·3·26 

DRILL DRILL 

START FINISH 

See boring log for well MW-3-56 for soil description. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland. Oregon 
PROJECT: 
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Updated: 712198 RAH 
File: 2708 MW-03-26 
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MONITORING WELL NUMBER MW·3·26 
OWRD# 84232 

HAl LOGGER: 

SAMPLING METIfOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 

P:: ... >- ... rz:l ., ., 
~ ~ P:: 

~ <~ 

.... ~ rol :;: .... CIl 
>~ :I: ~~ §3~ 0 
o~ t z 

~ U ~ .... ~ 
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39 

40 

RobEde DRILL DRILL 

Not Sampled START FINISH 

6 1I4-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobile Drill 15:10 9:00 

Brad James Date: Date: 
Geo-Tech Explorations 1·Nov-95 2-Nov-95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 31.20 feet MSL 

TOP OF CASING ELEVATION: 34.11 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 26.0 feet bgs 
Monitoring well installed to 26.0 feet bgs 

Materials: 
15 feet 2-inch diameter, 0.010-inch stainless ateelalotted 
screen 
10 feet 2-inch diameter stainless steel blank casing 
5 feet 2-inch diameter PVC blank casing 
12 50# bags 10f20 sand 
7 50# bags bentonite chips 
1 end cap 
1 locking cap 
abov~de steel monument 
3 gu posts 

. 1.i,,1 
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MONITORING WELL NUMBER MW-3-56 

~ 
ril 
>~ 
o~ 
U 
ril 
~ 

DRILL DRILL 

START FINISH 

Time: Time: 

8:00 11:00 

Date: Date: 
I-Nov-95 I-Nov-95 

Ground surface 

Surface - Sandy Silty Gravel- brown, moist, no hydrocarbon 
odor, no sheen, grassy area. 

No Recovery (2.5-4.0 feet bgs). 

Sandy Silty GRAVEL (5.0-6.5 feet bgs) - brown with black 
tarry staining, moist, hydrocarbon odor, sheen, pockets of 
moist tar . 

Sandy Silty GRAVEL (7.5-9.0 feet bgs) - black and tarry, 
moist, hydrocarbon odor, sheen. 

Sandy GRAVEL with silt (15.0-16.5 feet bgs) - black, 
slightly moist, loose, hydrocarbon odor, sheen, brick and 
wood fragments. 

Sandy GRAVEL (17.5-19.0 feet bgs) - olive grey,wet, loose, 
slight hydrocarbon odor, slight sheen, brick and wood 
fragments. 

Sandy Gravel (19.0-20.5 feet bgs) - as above, hydrocarbon 
odor, sheen. 

. .,. 
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MONITORING WELL NUMBER MW-3-56 

SP 

SILT with some gravel (20.5-21.0 feet bgs)· brown, moist, 
stiff, slight hydrocarbon odor, sheen. 

SILT with gravel (21.0·25.0 feet bgs). black tan-y 
IlUbstance, moist to wet, hydrocarbon odor. sheen, 22.5·23.0 
feet bgs is wet and tany. 

Sandy SILT (25.0·29.9 feet bgs). olive grey with orange 
azidized zones, moist, no hydrocarbon odor, no sheen, sand 
lens at 25.5 feet bgs . 

SAND (29.9-34.0 feet bgs). olive grey, wet, loose. medium 
grained, slight hydrocarbon odor, slight sheen, sand lens at 
25.5 feet bgs. 

SAND (34.0-35.0 feet bgs). brown, wet. loose, fine grained. 
no hydrocarbon odor. no sheen, thin silt lenses present. 

SAND (35.0-37.5 feet hp). olive grey. wet. loose, poorly 
graded, fine grained, no hydrocarbon odor, no sheen. 

SAND (37.5-39.0 feet bgs)· brown, wet, medium dense. fine 
grained, no hydrocarbon odor, no sheen, silt layers 

• 4,. 

'Silty SAND (39.0-40.0 feet bgs). brown, moist to wet, dense, 
fine grained, no hydrocarbon odor, no sheen. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT: 2708 
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MONITORING WELL NUMBER MW-3-56 
OWRD# 84231 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 

~ 
a: 

II) >- .... r.:I 
~ a: 

II) ~ <~ ~ 
b::ci 

r.:l ~ E-oC12 
>~ ::t: Q ~~ rn'Ol o~ b:: Z 

~ 0 ::J e--:::J 
0 r.:l r.:l 0 

rn~ 

e a: 0 a: 
0 

, i i 
i 

o. 
, 
0 41 

i I 
I 

i i 42 

i i 
i j 43 

! ! , 0 I 44 

i , 
45 

SP , 
, , 

i 46 
: I 

I 

i 
, 

i 47 ! 

I I 

~ I 48 

I i 
I , 

49 
0 

~ 50 

i 
, : 51 

i 

, i 52 
, 
, i 53 

i i 

, 54 
SP 

i 

55 

3 100 

5 100 56 
~ 

16 100 

57 

58 

59 

60 

RobEde DRILL DRILL 

Core Barrel START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B·59 Mobile Drill 8:00 11:00 

Brad James Date: Date: 
Geo-Tech Explorations I·Noy·95 I·Noy·9S 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 31.20 feet MSL 

TOP OF CASING ELEVATION: 34.07 feet MSL 

SOIL DESCRIPTION 

SAND (40.0-41.5 feet bgs) - olive grey, wet,loose, medium 
grained, no hy.hocarbon odor, no sheen. 

SAND (41.5-45.0 feet bgs) - olive grey, wet, fine grained, silt 
layers. 

SAND (45.0-49.0 feet b~ve grey, wet,loose, poorly graded, 
medium grained. no hy bon odor, no sheen. 

SAND (49.0·50.0 feet bgs) - as above, silt layers, no hydrocarbon 
odor, no sheen. 

SAND (50.0·55.0 feet bgs) - olive grey, wet,loose, poorly graded, 
medium grained, no hydroearbon odor, no sheen, olive grey silt 
layers. 
Heaving sands reported by driller. 

Boring terminated at 56.5 feet bgs 
Boring sampled to 56.5 feet 
Monitoring well installed to 55 feet bgs 

, 
0 

J.,. 
Materials: 
10 feet 2·inch diameter, 0.010·inch PVC slotted screen 
6.5 feet 2·inch diameter PVC blank easing 
39.5 feet 2-inch diameter stainless steel blank easing 
12 50# bags 10120 sand 
3 50# bags bentonite chips 
4 bags bentonite grout 
1 end cap 
1 loc:king cap 
above·grade steel monument 
3 guard posts 

• Sample Prefix Number is 2708·951101· 
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HAHN & Acq~Or.IJ\TES. INC. 

1434 NW Sixth Avenue MONITORING WELL NUMBER MW-4·35 
Portland, Oregon OWRD # 84230 

~(5~03)~7;,9~~~07~1~7 ____________ -l~HAU~T;nl~Ir-r-~V~'~~~ __ ~~b~'E~de~;----------------l DroLL D~ 
\PROJECT:!':AMPT.JNn M"'Ul~1.I; Not Sampled START FINISH 

~ln"l!~TlI .. T.~JNr..~ l\'l"'lL~nV1J~:~6~. 114~-inch~,~ IDH~ol1ow~' S~tem~, A~uger_--lTime: Time: 

IGasco Facility iEQ'[' TYPE B-59 Mobile Drill 10:30 13:17 

Northwest Natural Gas Co. 

Oregon : n"l!TTJ.F.R· Brad James I Date: I Date: 
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Updated: 712198 RAH 
File: 2708 MW-04-35 
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Ground surface 

See boring log for well MW-4·57 for soil description. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-4-35 
OWRD# 84230 

HAl LOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 

~ ... >- Z ril 
<II <II 

~ .s! e.:: <-ril ~ "'CIl tci >~ ::t: ~~ o~ 0 
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Rob Ede DRILL DRILL 

Not Sampled START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B·S9 Mobile Drill 10:30 13:17 

Brad James Date: Date: 
Geo-Tech Explorations 31.()ct·95 31-Oct-95 

BORING DIAMETER: lO·inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 31.70 feet MSL 

TOP OF CASING ELEVATION: 34.54 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 35.0 feet bgs 
Monitoring well installed to 35.0 feet bgs 

Materials: 
10 feet 2-inch diameter, 0.010-inch stainless steel slotted 
screen 
14 feet 2-inch diameter stainless steel blank casing 
8 feet 2-inch diameter PVC blank casing 
11 50# bags 10120 sand 
14 50# bags bentonite chips 
1 end cap 
1 locking cap 
above-grade steel monument 
3 guard posts 

• Sample Prefix Number is 2708-951031· 

• .1., • 
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Updated: 71'1J98 RAH 
File: 2708 MW-04-57 
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MONITORING WELL NUMBER MW-4-57 

~ 
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>~ 
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rzl c:: 

DRILL DRILL 

Ground surface 

Surface: Silty SAND with gravel- brown, moist, pieces of 
brick, grass covered area. no hydrocarbon odor, no sheen. 

Silty Sandy GRAVEL (2.5 feet bgs) - brown, moist, well graded, 
no hydrocarbon odor, no sheen. 

Sandy GRAVEL (5.0-S.5 feet bgs) - dry,loose, poorly graded, no 
hydrocarbon odor, no sheen. 

Silty GRAVEL with sand (7.5-8.5 feet bgs) - brown, moist, well 
graded, no hydrocarbon odor, no sheen. 

Concrete (8.5-9.5 feet bgs) 

No recovery (12.5-14.5 feet bgs) 

Silty GRAVEL with sand (15.0-1S.5 feet bgs) - olive grey with 
some black staining, wet, well graded, slight hydrocarbon odor, 
slight sheen. 

Silty GRAVEL with sand (16.5-20 feet bgs) - as above, moist, 
.I!I:IC"""""'" hydrocarbon odor, slight sheen, pieces of brick, switch to core 

barrel sampler. 
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MONITORING WELL NUMBER 
OWRD# 84229 

MW-4-57 

SILT with sand and gravel (20.0-25.0 feet bgs) - brown, moist, 
slightly plastic, no hydrocarbon odor, no sheen. 

Silty SAND (25.0-27.0 feet bgs) - olive grey, moist to wet, wood 
fragments, hydrocarbon odor, sheen. 

Sandy SILT (27.0-28.0 feet bgs) - olive grey with brown and 
orange oxidation spots, root zones, no hydrocarbon odor, no 
sheen. . 

Silty SAND (28.0-30.0 feet bgs) - olive grey with brown mottling, 
moist to wet, fine grained, root zones, no hydrocarbon odor, no 
sheen. 

SANti (30.0-32.5 feet bgs) - olive grey, wet, loose, poorly graded, 
fine grained, root zones, hydrocarbon odor, sheen. 

SILT (32.5-33.0 feet bgs) - brown with orange oxidized zones, 
moist, slightly plastic, no hydrocarbon odor, no sheen. 

Silty SAND (33.0-33.5 feet bgs) - brown with bright orange 
oxidized zones, moist to wet, dense, fine grained. 

, .... 

SILT (33.5-35.0 feet bgs) - olive grey, moist, stiff, no hydrocarbon 
odor. no sheen. 

SILT with fme sand (35.0-39.0 feet bgs) - olive grey, moist, stiff, 
root zones, no hydrocarbon odor, no sheen. 

SAND (39.0-40.0 feet bgs) - olive grey, wet,loose, medium 
grained, no hydrocarbon odor, no sheen. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-4-57 
OWRDIt 84229 

HAILOGGER: RobEde DRILL DRILL 

SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START FINISH 

DRILLING METHOD: 6 lI4-inch ID Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B·59 Mobile Drill 10:15 13:15 

DRILLER: Brad James Date: Date: 
DRILLING CONTRACTOR: Geo-Tech Explorations 30-0ct·95 3().Qct·95 

c: BORING DIAMETER: lO·inch ... 
~ 

... fz1 .. IV ~ 2·inch ID ~ ~ <- CASING DIAMETER: 

tci 
fz1 :;: e--Ul 
>~ ~~ SURFACE ELEVATION: 31.7 feet'MSL :I: Q 

Ul"<il o~ t Z 
~ 

0 ;:l e--::> TOP OF CASING ELEVATION: 34.53 feet MSL fz1 riI 0 
Ul~ 

e- ll:: Q P:: 
0 SOIL DESCRIPTION 

I i ! ! 

I ! SAND (40.0-44.0feet bgs). as above, no hydrocarbon odor, no 
I 41 aheen. 

\ 
! i I 42 SP 
! j 

\ I 43 , 
; ; I 

i ! 44 

i ~ 
Sandy SILT (44.0-45.0 feet bgs). olive grey, moist, stiff, slightly : 
plastic, no hydrocarbon odor, no sheen. 

; I 45 

I i SAND (45.0-49.0 feet bgs). olive grey, wet, loose, medium 
grained, no hydrocarbon odor, no sheen, thin silt layers from 49.0· 

! I 46 50.0 feet bgs. 

! , i SP 
, i ! 47 

i I I 

i 48 ; ! 

i I , 
' . 49 

; 
! 50 

! I 
i 51 

i 
! 52 , , 
i , 

i 53 
i 

, i 54 

! 
! 55 

i 

I 56 
; 

57 SP 

58 
"'"---

59 

60 

SAND (50.0·55.0 feet bgs)· as above, no hydrocarbon odor, no 
sheen. 

J... . , 

SAND (55.0·58.0 feet bgs) • as above, no hydrocarbon odor, no 
sheen. 

, 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-4-57 
OWRD# 84229 

HAl LOGGER: 

SAMPLING METHOD: 

D!pLLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde DRILL DRILL 

3-inch Split Spoon/Core Barrel START FINISH 

6 1l4-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobile Drill 10:15 13:15 

Brad James Date: Date: 
Geo-Tech Explorations 3().()ct·95 3()'Oct-95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 31. 7feet MSL 

TOP OF CASING ELEVATION: 34.53 feet MSL 

SOIL DESCRIPl'ION 

Boring terminated at 58_0 feet bgs 
Boring sampled to 58.0 feet 
Monitoring well installed to 58.0 feet bgs 

MateriaJs: 
10 feet 2-inch diameter, 0.010-inch stainless steel slotted 
screen 
40.5 feet 2-inch diameter stainless steel blank casing 
5_5 feet 2-inch diameter PVC blank. casing 
13 50# bags 10120 sand 
5 50# bags bentonite chips 
1 end cap 
1 locking cap 
above-grade steel monument 
3 guard posts 

• Sample PrefIX Number is 2708-951030-

" l,. 
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MONITORING WELL NUMBER MW·5·32 

SP 

DRILL DRILL 

Ground surface 

Surface: Silty GRAVEL - brown. moist, well graded, no 
hydrocarbon odor, no sheen. 

GRAVEL (2.5-3.0 feet bgs) - grey, damp, loose, poorly 
graded, no hydrocarbon odor, no sheen. 

FINISH 

Silty GRAVEL (5.0-6.0 feet bgs) - brown, moist, well graded, 
no hydrocarbon odor, no sheen. 

GRAVEL (7.5-9.0 feet bp) - brown, wet, loose, well graded, 
no hydrocarbon odor, no sheen. 

GRAVEL with coarse sand and silt (10.0-13.0 feet bgs) -
brown, wet, no hydrocarbon odor, no sheen. '. .... 

Switch to core barTel sampler. 

SAND with lampblack (13.0-15.0 feet bgs) - black, chy, hard, 
fine grained, hydrophobic, hydrocarbon odor. 

SAND (15.0-20.0 feet bgs) - dark grey, moist, medium dense, 
poorly graded, fine grained, pieces of bark, hydrocarbon odor?, 
olive grey sandy silt on core bottom. 
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HAHN & A.o;;SOCIATES. INC. 

!434 NW Sixth Avenue 
Portland, Oregon 

!<S03} 796-0717 

PROJECT: 

N" ~. ,~~, Natural Gas Co. 

Gasco Facility 
n. Oregon_ 
PROJECT: 2708 
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MONITORING WELL NUMBER MW-5-32 
OWRD# 84228 

HAl T .nr.r.FR· RobEde DRILL DRILL 

'!':A M"PT .TNI'; Mr ... n~ViJ: Split ~. .,,.... 
,B~ START FINISH 

,n»TTTTNr. ~n1VU: 6 114-inch ID Hollow Stem Auger Time: Time: 

;r.~UU·MJ:.l'jl' TYP~ B-59 Mobile Drill ~3:~3 IS:00 

InllTT.T.Fll· Brad James Date: I Date: 
InllTT.T.ING CONTRACTOR: Geo-Tech ""'I',u,awu,~ E-Oct-95 27.()ct·95 
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' nTAMF.'l'FR· _lO·inch 

I,.... <'T"'" DIAMETER: 2-inch ID 

I"TTn .. '''''~ELF!VAT~ 25.1 feet MSL 
iTOP OF CASING ELEVATION: 28.05 feet MSL 

SOIL DESCRIPTION 

Sandy SILT (20.0·22.0 feet bgs)· brown witb orange mottling, 
moist. non-plastic, no hydrocarbon odor, no sheen, some root 
zones. 

SAND (22.5·22.5 feet bgs)· brown, wet, fine grained, no 
hydrocarbon odor, no sheen. 

SAND (22.5-23.5 feet bgs) - as above, no hydrocarbon odor, no 
sheen. 

Silty SAND (23.5-25.0 feet bgs) • brown with orange oxidation 
spots, wet, loose, no hydrocarbon odor, no sheen. 

SAND (25.0·26.5 feet bgs) - brown with orange oxidation spots, 
wet, loose, fine grained, some thin silt layers DO hydrocarbon 
odor, no sheen. 

SAND (26.5-27.5 feet bgs) - olive i,':,y, wet,loose, poorly graded, 
some thin silt layers. no hydrocar n odor, no sheen. 

SAND with thin silt layers (27.S-30.0 feet bgs)· olive grey, wet, 
loose, DO hydrocarbon odor, DO sheen. 

SAND with thin silt (30.0-32.0 feet bgs)· olive grey, wet,loose, 
poorly graded, fine grained, no hydrocarbon odor, no sheen. 

Boring terminated at 32.0 feet bgs 
Boring sampled to 32.0 feet . , ... Monitoring well installed to 32.0 feet bgs 

MaterialS: 
10 feet 2·inch diameter, 0.020·inch PVC slotted screen 
21 feet 2·inch diameter PVC blank casing 
12.S SO# bags 10120 sand 
10 SO# bags 318-inch bentonite chips 
1 end cap 
1 locking cap 
above-~de steel monument 
3 guar posts 

• Sample Prefix Number is 2708-9S1027-
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& ASSOCIATES, INC. 

Updated: 712198 RAH 
File: 2708 MW-06-32 

MONITORING WELL NUMBER MW-6-32 

DRILL DRILL 

Ground surface 

See boring log for weI! MW-6-61 for soil description. 
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HAHN & ASSOCIATES, INC. 
434 NW Sixth Avenue 

Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-6-32 
OWRD# 84239 

HAl LOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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Rob Ede DRILL DRILL 

Not Sampled START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobile Drill 11:40 14:00 

Brad James Date: Date: 
Geo-Tech Explorations 9·Noy·95 9-Noy·95 

BORING DIAMETER: 10-inch 

CASING DIAMETER: 2-inchID . 

SURFACE ELEVATION: 35.8 feet MSL 

TOP OF CASING ELEVATION: 35.51 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 32.0 feet bgs 
Monitoring well installed to 32.0 feet bgs 

Materials: 
15 feet 2-inc:h diameter, 0.020-inc:h stainless steel slotted 
screen 
5 feet 2-inc:h diameter stainless steel blank casing 
16 feet 2-inc:h diameter PVC blank casing 
9.5 50# bags 10/20 Band 
12 50# bags bentonite chips 
1 end cap 
1 locking cap 
flush steel monument 
3 guard posts 

. ,-'. 
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[HAHN & ASSOCIATES. INC. 
1434 NW Sixth Avenue 

IPortland, Oregon 

MONITORING WELL NUMBER MW-6-61 
OWRD# 84236 'ARA 

(503) 796'()717 

J;>Ro..~~ . 

Northwest Natural Gas Co. 

Gasco Facility 
IP~.~l~nil Oregon 
IPROJECT: 2708 

IHAl T .nr.r.'F.ll· Rob Ede DRILL DRILL 

SAMPLING M.t.-. :ttuu:4-iJlch Core Barrel START FINISH 

~DRl~L:~.L[.TN~G~~_~ 61~/4-in~ch~ IDI H~ollow~St~~. A~uger_--lTime: ,Time: 

B·59 Mobil Drill 8:50 11:45 

nRn.T.F.ll· Brad James I Date: Date: 
mUT.T.TNftCONTRACTO!!: Geo-Tech 7·Noy·95 7·Noy·95 

et: IBORING DIAMETER: lO-inch 
r.l ~., ..J >- ~ ~ ,ID o --'Ix .... c:: ~ .... ~ I".c.n.,,, ....... """"'n. " : __ 1. 

t<J c:: ~ !:)~~ t<J:> r.l ~ ~ C/J l-=1\J=~=.:...:,u::..:,.u=-=","=UL;.:.='<:Ul.=-: ___ "'-=-"':'=;"=':"::"" ______ -I 
:E C/J [ 12~ [ c:: c:: > ~ ::r:: ~ < ~ IQTmFAf"''F. 'F.T.~ ,~, ... 35.8 feet MSL 
- Q Co c::< Co 0 r.l 0 ~ f-< c:: 
f-< :i ~ ~ b ~ (.) ~ ~ 0. ~ ~ e ITOP OF CASING ELE'v , .... v .. : 34.50 feet MSL 

::r:: :Sf-< ... c:: ~ 
SOIL DESCRIPTION 
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Updated: 712198 RAH 
File: 2708 MW-06-S1 

SP 

SP 

Ground surface 

Surface: concrete. 

SAND (1.0-5.0 feet bgs) - broym. slightly moist, loose, poorly 
graded, medium grained, no hydrocarbon odor, slight sheen? 

SAND (5.0-10.0 feet bgs) - as above, no hydrocarbon odor, 
slight sheen? 

SAND 00.0-IS.5 feet bgs) - as above, no hydrocarbon odor, 
slight sheen? 

SAND (17.5-20.0 feet bgs) - as above, moist to wet, no 
hydrocarbon odor, no sheen, dark grey sand at 19.5 feet bgs. 
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IHAHN & ASSOCIATES. INC. 

434 NW Sixth Avenue 

u. Wo.uu, Oregon 

'(503) 796·0717 

IPRO,TF.C':1'· 

~~u, w,~"',. Natural Gas Co. 

IGasco Facility 

IPnrlhntl Oregon 

I PROJECT: 2708 

Z 
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..::I::J- Po.CI) ::;s rzla:£S ~::;s E: S!E-orzl 
~Q en::J 
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J',1G-I0 1040 

Updated: 712198 RAH 
File: 2708 MW-06-61 
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~ .. t<l 
0 ..::1== <~ ::J~~ Po. e en E en a. rzl;1 a. o a. a:e-<E-<~ 
t<l j~ ::c 

. 
I 

; 

9_1 i 

: 

-
115 

; 

; 

. 20,614 

634 

-
23.9 

1.5 

14.8 

MONITORING WELL NUMBER MW-6-61 
OWRD# 84236 (ABANDONED) 

HAl T n/"..r-"'''· RobEde DRILL DRILL 

;!':AMPT.JNG M.~lnUlJ: 4-inch Core Barrel START FINISH 

. DRTT Jrnr: 6 114-inch ID Hollow Stem Auger Time: Time: 

/'I'~. .!I-59 Mobil Drill 8:50 11:45 
DRTT.T.FR· ~~J~ Date: Date: 
·DRTT.T.rnr: CONTRACTOR: Geo-Tech Explorations 7-Nov-95 7-Nov-95 

II ...l >- ... 
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• 
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· 
; : 37 

; 38 

: 

: 39 

...: 
40 

<~ 
E-oen 
~~ 
E-o::J 
en~ 

SP 

~ 

IBORING DIAMETElt lO-inch 

ICASING DIAME':"ER: 2-inch ID 

I!;TTRFACE ELEVATION: 35.8 feet MSL 

ITOP OF C~Q ELEVATION: 34.50 feet!iS~ 

SOIL DESCRIPTION 

SAND (20.0-24.0 feet bgs) - as above, wet, hydrocarbon odor, 
no sheen. 

SAND (25.0-30.5 feet bgs) - as above, wet, hydrocarbon odor, 
brown product saturated from 28-30.5 feet bgs, also thin silt 
layers. 

SILT (30_5-34.0 feet bgs) - green, stiff, root zones, no 
product, wood fragments, slight sheen? 

. 
i '" 

SILT (35.0-38.0 feet bgs) - green with brown motting (35.0-
36.0 feet b;r,)' olive grey (36.0-38.0 feet bgs), moist, stiff, root 
zones, no seen, no product. 

Sandy SILT (38.0-39.0 feet bgs) - olive grey, stiff, no sheen. 

Sandy SILT (39.0-40.0 feet bgs) - olive grey, wet, stiff. 
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HAHN & ASSOCIATES, INC. 
434 NW Sixth Avenue 
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Updated: 7/2198 RAH 
File: 2708 MW,06-61 
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MONITORING WELL NUMBER MW·6·61 

~ 
~~ 
o~ 
0 
r.'l 
0::: 

SP 

SILT (40.1J...49.0 feet bgs) - olive grey, moist, medium stiff, 
fine grained sand lenses, no sheen. 

SAND (49.()'52.0 feet bgs) - olive grey, wet,loose, poorly 
graded, fine grained, no sheen. . 

SAND (52.()'55.0 feet bgsj - as above, thin, brown silt layers, 
no sheen. 

SAND (55.0·60.0 feet bgsj - as above, thin olive grey silt 
layers, no sheen 

" .!,. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

(503) 796·0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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File: 2708 MW-06-61 
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MONITORING WELL NUMBER MW-6-61 
OWRD# 84236 (ABANDONED) 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 

c=: 
....l ~ 

... r.::I 
'" .... 

ro:J~ ~ ~ 
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ro:J ~m 
C::c:: >~ ~~ Oril O~ ::I: Cl 

t z 
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74 

75 

76 

77 

78 

79 

80 

RobEde DRILL DRILL 

4-inch Core Barrel START FINISH 

6 1I4-inch ID Hollow Stem Auger Time: Time: 

B·59 Mobil Drill 8:50 11:45 

Brad James Date: Date: 
Geo-Tech Explorations 7·Noy·95 7·Noy·95 

BORING DIAMETER: 10·inch . 
CASING DIAMETER: 2·inchID· 

SURFACE ELEVATION: 35.8 feet MSL 

TOP OF CASING ELEVATION: 34.50 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 61.0 feet bgs 
Boring sampled to 60.0 feet 
Monitoring well installed to 61.0 feet bgs 
Well depth is 61.0 feet below top of casing 

Materials: 
10 feet 2-inc:h diameter, O.OlO·inc:h stainless steel 
slotted screen 
35 feet 2·inc:h diameter stainless steel blank casing 
15 feet 2-inc:h diameter PVC casing 
1 50# bags 20140 sand 
11 50# bags 10/20 sand 
5 50# bags bentonite chips 
5 bar, bentonite grout 
1 en cap 
110cking cap 
Flush steel monument 

~ 

* Sample Prefix Number is 2708-951107· 

", l... 
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IHAHN & AI':I':Or.T A.TES, INC. 

1434 NW Sixth Avenue 
i'Portland, Oregon 

i(503) 796-0717 
Inn,",,..,.,,,,,. 

_. Natural Gas Co. 

Gasco Facility 

Ip, +1 .~, Oregon 
PRC,uECT: 
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MONITORING WELL NUMBER MW-8-29 
OWRD# 84226 

IHAI Lnr.r.RR· 

," .... H'LING 

Imm.T .TNIT METHU1J: 

Il<'OT ~TYPE 

inRTT.LF.R· 

InRI mI1CONTRACTOR: 

~ I~ ... ., 
~ ~ <~ 

tci ~~ 
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20 

RobEde DRILL DRILL 

Not" START FINISH 

6 114-inch ID Hollow Stem AU2"er Time: ITime: 
B·59 Mobile Drill 8:30 11:15 
Brad James Date: I Date: 
('~ 'T'A~~ ~A)" 26-Oct-95 26-Oct-95 

~DIAMETER: lO-inch 

"4 <:!TNr. nT 4 U1O"'MO'R· 2-inchID 

iSURFACE ELEVATION: 36.5 feet MSL 
iTOP OF CASING ELEVATION: 39.09feetMSL 

SOIL DESCRIPTION 

Ground surface 

See boring log for well MW -8-56 for soi description. 

, 

" ~ 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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Updated: 1/2/98 RAH 
File: 2708 MW·08-29 
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MONITORING WELL NUMBER MW·8·29 
OWRD# 84226 

HAl LOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde DRILL DRILL 

Not Sampled START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobile Drill 8:30 11:15 

Brad James Date: Date: 
Geo-Tech Explorations 26-Oct·95 26-Oct·95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 36.5 feet MsL 

TOP OF CASING ELEVATION: 39.09 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 29.0 feet bgs 
Monitoring well installed to 29.0 feet bgs 

Materials: 
10 feet 2·inch diameter, O.010·inch stainless steel slotted 
screen 
13 feet stainless steel blank casing 
3 feet 2·inch diameter PVC blank casing 
12 50# bags 10120 sand 
13 50# bags 3I8-inch bentonite chips 
1 end cap 
lloc:king cap 
a:r:de steel monument 
3 posts 

-., ... 
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MONITORING WELL NUMBER MW-8-56 

DRILL DRILL 

Ground surface 

Surface: Silty SAND with grave! - brown, moist, no 
hydrocarbon odor, no aheen. 

Tarry GRAVEL - black, moist, strong hydrocarbon odor, 
liquied-viscous tar from 5-6.5 feet bgs, sand and silt mix 
from 8.5-10.5 feet bgs. 

Silty GRAVEL (10.5-11,5 feet bgs) - brown and tan mottled, 
IIOme black staining, moist, hydrocarbon "odor. 

Silty GRAVEL (12.5·13.0 feet bgs) - olive grey, moist, slight 
hydrocarbon odor, no aheen." 
Silty GRAVEL (13.0-14.0 feet bgs) -loose, pieces of brick. 
moist, slight hydrocarbon odor, no sheen. 

No Reeovery (15.0-16.0 feet bgs). 

Silty GRAVEL (16.0-17.0 feet bgs) - black, hydrophobic, 
. lampblack?, poor recovery. 

Silty GRAVEL (17.5-20.0 feet bgs) - brown, wet, no 
hydrocarbon odor, no sheen, brick and wood fragments. 

.../ ~. 

Page 1 of4 
HAHN AND ASSOCIATES, INC. 

Koppers022652 



& ASSOCIATES, INC. 

Updated: 7flJ98 RAH 
File: 2708 MW-08-56 

MONITORING WELL NUMBER MW-8-56 

SP 

DRILL DRILL 

Silty GRAVEL (20.0-22.0 feet bgs) - brown, wet, brick and 
wood fragments, no hydrocarbon odor, no sheen. 

SAND (22.0-25.0 feet bgs) - black, wet, loose, coane grained, 
lampblack throughout, hydrocarbon odor, sheen, becoming solid 
and brittle with a slight sheen from 23.0-23.3 feet bgs. 

Tarry SILT (25.0-27.5 feet bgs) - black, wet, stiff, mostly tar, 
strong sheen, vegetation throughout sample. 

SILT (27.5-30.0 feet bgs) - olive grey, moist, stiff, vegetation, tar 
within root zones, sheen. 

SILT (30.0-35.0 feet bgs) - olive grey. moist, stiff, semi-viscous 
tar within root zones. 

Sandy SILT (35.0-40.0 feet bgs) - brown, orange-mottled, moist, 
stiff, tar within root zones. 
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[HAHN & Ul~nr 'A1'ES. INC. 

1434 NW Sixth Avenue 
COfllana. Oregon 

1(503) 796-()Z17 

IPRO.TlUwr· 

"'u ...... "". Natural Gas Co. 

Gasca Facility 

.Pn.+l~nrl, Oregon 

'"l'~CT: 2708 
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MONITORING WELL NUMBER MW-8-56 
OWRDIf 84226 

HAl Tnr-fl1;'I>· RobEde DRILL DRILL 

~AMPLTNr. M~THUU: 3-inch Split !':.",..,n/r ...... "'!Jarrel START FINISH 

nRTI.T.lNl": ME'!'HUU: _6 1/4-....iIl..cll. ID Hollow Stem Auger Time: Time: 

u'TYPE B-59 Mobil Drill 905 1410 
,nl>TT T VI>· Brad James Date: 1 Date: 
DRJl .INC CON'!'!l ,('TnR· 
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r ... n..'1' .. ,.h ~ .. ~ 25·o.t-95 25-0rt·95 

. DIAMETlR: lO-inch 

;r.A~TNr. DIAMETE~ 2-inch ID 

'n.~~ ,.." "'. """ .... ",,, •. ~.5feetMSL 

,TOP OF CASING ELEVATION: 39.13 feet MSL 

SOIL DESCRIPTION 

Sandy SILT (40.0-42.0 feet bgs) - as above . 

SAND (42-42.3 feet bgs) - olive grey, medium grained, black 
product saturated, less viscous than tar. 

SILT (42.3-42.8 feet bgs) - olive grey, medium grained, black 
product saturated. 

SAND (42.8-45 feet bgs) - olive ~, wet. loose. poorly graded. 
medium grained, no product. slight sheen. 

SAND (45.0-47.5 feet bgs) - olive grey, wet, loose, poorly graded, 
medium grained, no sheen. 

SAND (47.5·50.0 feet bgs) - olive grey, wet, loose, poorly graded, 
medium grained. some thin silt layers, no sheen. 

SAND (50.0.54.0 feet bgs) - as above, no hydrocarbon odor. no 
sheen. 

" J.,. 

SAND (54.0-56.0 feet bgs) - as above, no hydrocarbon odor, DO 

sheen. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW·8-56 
OWRD'84226 

HAl LOGGER: RobEde DRILL DRILL 

SAMPLING METHOD: 3·inch Split Spoon/Core Barrel START FINISH 

DRILLING METHOD: 6 lJ4-inch ID Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B-59 Mobil Drill 905 1410 

DRILLER: Brad James Date: Date: 
DRILLING CONTRACTOR: Geo-Tecb Explorations 2S-Oc:t·95 25-Oct·95 

c:t: BORING DIAMETER: lO·inch ... ~ rzl 
II> ~ II> ~ ~ ~ e::Cil CASING DIAMETER: 2·inch ID 

fu~ 
rzl 

== >~ 

t ~~ SURFACE ELEVATION: 36.5 feet MSL O~ 0 
0 Z E-<::> ~ ::> TOP OF CASING ELEVATION: 39.13 feet MSL 

0 r:l r:l 0 
m~ 

e tt: 0 c:t: 
C!I SOIL DESCRIPTION 

; 

: 61 Boring terminated at 56.0 feet bgs , Boring sampled to 56.0 feet : 
: 62 

Monitoring well installed to 56.0 feet bgs 

; I Materials: 
10 feet 2·inch diameter, 0.020·inch stainless steel slotted , 

63 screen 
40.5 feet 2·inch diameter stainless steel blank casing 

I 4.5 feet 2·inch diameter PVC blank casing 
\ 

64 
11 50# bags 10/20 sand 
26 50# bags bentonite chips 
1 end cap 
1 locking cap 

65 above-arf!de steel monument 
3 gu posts , 

, , 
66 

; 

! , 67 • Sample Prefix Number is 2708-951025-, 
, 

68 
\ 

\ 
69 
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MONITORING WELL NUMBER MW-9-29 

DRILL DRILL 

~~~~~~~~ __ ~~~~~~~~~~~~ ____ ~Tllne: 
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0 ~ e 

9:30 

Ground surface 

Surface: Sandy GRAVEL - grey gravel, olive grey sand, 
moist, non-plastic, well graded, no hydrocarbon odor, no 
sheen. 

Sandy, Silty GRAVEL (2.0-3.0 feet bgs) - brown, moist,loose, non
plastic, well graded, slight hydrocarbon odor, slight sheen. 

SAND (3.0-3.5 feet bgs) - brown, moist, loose, poorly graded, fine 
grained. 
Gravelly SILT (3.5-4.5 feet bgs) - brown, moist, stiff, poorly 
graded, wire present, no hydrocarbon odor, no sheen. 
SAND (4.5-5.0 feet bgs) - brown, moist, loose, poorly graded, fine 
grained, no hydrocarbon odor, no sheen. 

Sandy SILT (5.0-6.5 feet bgs) - orange/brown with black and 
blue'grey staining, moist, slight hydrocarbon odor?, sheen is 
bluelgreen in color. 

CONCRETE 

Sandy SILT (11.5-13.0 feet blr-l) - brown, moist to wet, slightly 
hY.Joh ...... plastic, very fine sand, no hydrocarbon odor, no sheen. 

SILT (13.0-15.0 feet bgs) - brown, moist to wet, stiff, slightly 
plastic, no hydrocarbon odor, no sheen. 

SILT (15.0-15.5 feet bgs) - as above, no hydrocarbon odor, no 
sheen. 

Sandy SILT (15.5-16.0 feet bgs) - brown, moist to wet, slightly 
stiff, no hydrocarbon odor, no sheen. 

SAND with muscovite (16.0-17.0 feet bgs) - brown, wet, no 
hydrocarbon odor, no sheen. 

SAND (17.0-18.5 feet bgs) - as above, no hydrocarbon odor, no 
sheen.· . 

SILT (18.5-20.0 feet bgs) - brown, moist to wet, stiff, no 
hydrocarbon odor, no sheen. 

, 1,. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland,Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregons 
PROJECT: 
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MONITORING WELL NUMBER MW·9·29 
OWRD# 84223 

HAILOGGER: 

SAMPUNG METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde ., DRILL DRILL 

3-inch Split Spoon START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B-S9 Mobile Drill 9:30 12:30 

Brad James Date: Date: 
Geo-Tech Explorations 23·001·95 23·0<1·95 

BORING DIAMETER: lO-inch OD 

CASING DIAMETER: 2-inch 

SURFACE ELEVATION: 37.9 feet MSL 

TOP OF CASING ELEVATION: 37.65 MSL 

SOIL DESCRIPTION 

SAND (20.0-24.0 feet bgs) - brown, wet, stiff, fine grained, 
muscovite present 20.0-21.5 feet bgs, no hydrocarbon odor, no 
sheen. 

Sandy SILT (24.0-25.0 feet bgs) - brown, moist to wet, stiff, no 
hydrocarbon odor. no sheen. . 

SAND (25.0-26.0 feet bgs). olive grey, wet,loose, fine grained, no 
hydrocarbon odor. no sheen. 

Sandy Sll.T (26.0-26.5 feet bgs) - brown. wet, stiff, alighlty =. no hydrocarbon odor. no sheen. 
(26.7·27.5 feet bgs)· brown, wet, loose. poorly graded, 

medium grained, no hydrocarbon odor, no sheen. 
Sll.T (27.5-2S.0 feet bgs)· brown. moist to wet, stiff, no 
hydrocarbon odor, no sheen. 

Boring terminated at 29.0 feet bgs 
Boring sampled to 2S.0 feet 
Monitoring well installed to 29.0 feet bgs 

.. , i,.. 
Materials: 
10 feet 2·inch diameter, O~OlO-inch PVC slotted screen 
IS feet 2-inch diameter PVC blank casing 
1 50' bags 20/40 sand 
1250# bags 10120 sand 
10 50# bags bentonite chips 
1 end cap 
1 locking cap 
Flush steel monument 

• Sample Prefix Number is 2708-961023· 
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IHAHN & AQQOr :~TES. INC. 

[434 NW Sixth Avenue 
I Portland, Oregon 

1(503) 796-0717 

PRO: 

_~, Natural Gas Co. 

Gasco Facility 

OnllUla, Oregon 
P1?( rM'CT: 
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MONITORING WELL NUMBER MW-IO-25 
OWRD# 84238 
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RobEde DRILL DRILL 

Not Sampled START FINISH 

6 1M .. inch ID Hollow Stem Auger [Time: ,Time: 

B .. 59 Mobil Drill 9:00 10:00 

Brad James I Date: Date: 
~~TI..:h ""'. 9·Nov·95 9-Nov·95 

IRnRTNG DTAMF.'I'RR 10 .. inch 

I CASING nT A Mll''I'li'R· 2-inch ID 

"'JmM'AI"F, ELE'va'fHJN: 36.5 feet MSL 
TOP OF CASING M" "",. .... ",... 39.22 feet MSL 

SOIL DESCRIPTION 

Ground surface 

See boring log for well MW·I0-61 for soi description. 

, 

'!oj !.. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland,Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-IO-25 
OWRD# 84238 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 

Z 
P:: ., 

~ 
.... r.l 

~ 
., 

~ <~ ~ 
fu~ 

t:l ~ E-o~ >~ 

O~ :t: Q ~en t z 
~ 

C) ::> E-o:J 
0 t:l t:l 0 00-p;: e Q P:: 

c 

! ! i , , , 21 
I , I 

[ I 22 

i ; i 
i : 23 

, 

, i 24 
I 
! 

, 
25 

: 

26 

I 
, 

27 
, 

; 
28 

I 

29 
; 

I 30 
, 

31 

! 
; 32 

: 
33 

, 
: 34 

, ! 

35 

36 

37 

38 

39 

40 

RobEde DRILL DRILL 

Not Sampled START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobil Drill 9:00 10:00 

:aradJames Date: Date: 
Geo-Tech Explorations 9·Noy-95 9-Noy-95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 36.5 feet MSL 

TOP OF CASING ELEVATION: 39.22 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 25.0 feet bgs 
Monitoring well installed to 25.0 feet bgs 

Materials: 
10 feet 2-inch diameter, 0.020-inch stainless steel slotted 
screen 
5 feet 2-inch diameter PVC blank casing 
9 feet stain\ess steel blank casing 
11 b~ 10120 sand 
6 50# aga bentonite chips 
1 end cap 
1 loc1ting cap 
abo~de steel monument 
3 gu posts 

• Sample Prefix Number is 2708-951109-

~ . , . 
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Uodated: 71'1J98 RAH 
File: 2708 MW-I0-61 

MONITORING WELL NUMBER MW-I0-61 

SP 

SP 

DRILL 

Ground surface 

Silty Sandy GRAVEL - greylbrown, wet. 

SAND (2.5-3.0 feet bp) - brown, moist, poorly graded, loose, 
medium grained. 

SAND (3.0-4.0 feet bgs) - black, poorly graded, loose, 
medium grained, hydrocarbon odor, sheen. 

SAND with gravel (5.0-10.0 feet bp) - black, moist, moderately 
dense, hydrocarbon odor, strong sheen, tar from 7-8 foot depth, 
lampblack present?, brick at 8 feet bp. 

Tarry SAND with gravel (10.0-15.0 feet bgs) - wet oozing tar 
saturated sand and gravel from 10-12 feet bp,very hard tar. ... 
matrix from 12-15 feet bp. 

Tarry SILT with gravel (15.0-16.5 feet bp) - black, moist, 
oozing tar, silts are saturated with oily tar, silts repel water. 

SAND (17;0·20.0 feet bp) - olive grey, moist to wet, fine grained, 
product saturated (brown), froth via sheen,large piece of wood 
m end of sampling core. 
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Gasco Facility 
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MONITORING WELL NUMBER 
OWRD# 84237 

MW-I0-61 

DRILL DRILL 

START 

~~~~~~~ __ ~~~~~~~~~~~ __ ~TIme: 

..... 
~ Q) 

~ 
r.l 

tci >~ o~ CIlIi5 
~ 

Co) 

0 r.l 

e t.t: 

SP 

9:00 

Date: Date: 
S-Nov·95 S-Nov·95 

SOIL DESCRIPTION 

SAND (20.0-23.5 feet bgs) - brown, wet,loose, poorly graded, 
medium grained, product saturated (oozes out of pore spaces) 

SILT (23.5-25.0 feet bgs) - brown, moist, stiff, root zones, no 
product, no sheen. 

SILT (25.0-30.0 feet bgs) - brown, moist, stiff, root zones, some 
black and brown spots (organic looking), no obvious product. 

SILT (30.0·35.0 feet bgs)· olive grey with orange spots, , root 
zones, no product, no sheen, poor sample recovery. 

I , .... 

SILT (35.0-40.0 feet bgs). olive grey to green, root zones, small 
piece of bark, no sheen. 

Page 2 of4 
HAHN AND ASSOCIATES, INC. 

Koppers022661 



z 
0 

...l~:3 * rill)! 
...lril 

~~~ CI.oI:j 

~::E 
~ fijrzl <:J 

ZO Ul Z 
0 
t.) 

Updated: 7/2/98 RAH 
File: 2708 MW-IO-61 

ril 
C,.) 
<~ ril 

~ 
CI.o e 
UlQ, 

E=: OQ, 
<~ 
ril 
:x:: 

... 
II> 
~ 

MONITORING WELL NUMBER MW-I0-61 

SP 

DRILL DRILL 

SILT (40.0-45.0 feet bgs) - olive grey to green (transition to green 
with depth), moist, stiff, non-plastic, slightly brittle from 44-45 
feet bgs, root zones, bark. sandy silt from 43.5-44 feet bgs. 

SILT (45.0-47.5 feet b;S) - olive green to 46.5 feet bgs, tan to 47.5 
feet bgs, moist, hard/slightly brittle, no sheen. 

SAND (47.5-53.0 feet bgs) - tan, wet. loose, poorly graded, fine 
grained, no sheen, some muscovite from 50-53 feet bgs. 

Sandy SILT (53.0-57.5 feet bgs) - tan, moist, medium stiff, 
interbedded with fine grained sands from 55.0-57.5 feet bgs. 

Tree trunk at 57.5 feet bgs surrounded by olive grey sands. 

Silty SAND (57.5-60.0 feet bgs). 
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HAHN & ASSOCIATES, INC. 
434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW·I0·61 
OWRD# 84237 

HAILOGGER: RobEde DRILL DRILL 

SAMPLING METHOD: 4-inch Core Barrel START FINISH 

DRILLING METHOD: 6 l/4-inch ID Hollow Stem Auger Time: Time: 

EQUIPMENT TYPE B-59 Mobil Drill 9:00 12:30 

DRILLER: Brad James Date: Date: 
DRILLING CONTRACTOR: Ceo-Tech Explorations 8-Nov-95 8-NDy-95 
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'" >- ... to) 

'" ~ ~ P:: 
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tci 
to) E-<cn 
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~~ SURFACE ELEVATION: 36.5 feet MSL O~ :::: Q 
cn"iil t z 

~ u ;:J E-<:; TOP OF CASING ELEVATION: 39.33 feet MSL 
0 r.:l to) 0 

CIl~ 

e P:: Q P:: 
I::) SOIL DESCRIPTION 

, ! , 
, 61 

: 
, , 62 

i , 
63 

, ; 

64 
, Boring terminated at 61.0 feet bgs 

65 Boring sampled to 60.0 feet 
Monitoring well installed to 61.0 feet bgs 

Materials: , 
66 10 feet 2-inch diameter, O.OlO-inch stainless steel slotted 

screeD 
5 feet 2-inch diameter PVC blank casing 

, 67 45 feet stainless steel blank casing 
1 50# bags 20140 sand 
11 ba~ 10120 sand 

68 
2 50# ags bentonite chips 
5 bar. bentonite grout 
1 en cap 
1 locking cap 

69 abov~de steel monument 
3 gu posts 

70 
, 

71 

; 72 • Sample PrefIX Number is 2708-951108-
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:HAHN & AQlOl ~r '4.TES, INC. 

1434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 
~T, ~~ Natural Gas Co. 

Gasca Facility 

'Oregon 
I PROJECT: 
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MONITORING WELL NUMBER MW-Il-32 
OWRD# 84232 
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Rob Ede DRILL DRILL 

Not "", ,..l START FINISH 

6 l/4-inch ID Hollow SteDl Auger Time: !Time: 

B·59 Mobil Drill 1~50_ 1430 

Brad James IDate: I Date: 
Geo-Tech Lo"'p.u.a •• u.~ 3-Nov·95 ~95 

Invru.NV DIAMETER: lO-inch 

1,.,~""Th!r; DIAMETER: 2-inch ID 

I SURFACE ELEVATION: 35.4 feet MSL 

ITOP OF CASING ELEVATION: 38.39 feet MSL 

SOIL DESCRIPTION 

Ground surface 

See boring log for boring M·11 for soil description. 

,,1,. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland,Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 
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MONITORING WELL NUMBER MW-11-32 
OWRD# 84232 

HAl LOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde DRILL DRILL 

Not Sampled START FINISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B·59 Mobil Drill 1350 1430 

Brad James Date: Date: 
Geo-Tech Explorations 3-Nov·95 3·Nov·95 

BORING DIAMETER: 10·inch 

CASING DIAMETER: 2·inchID 

SURFACE ELEVATION: 35.4 feet MSL 

TOP OF CASING ELEVATION: 38.39 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 32.0 feet bgs 
Monitoring well installed to 32.0 feet bgs 

Materials: 
10 feet 2·ineh diameter, 0.020-ineh stainless steel slotted screen 
15 feet stainless steel casing 
6 feet 2·ineh diameter PVC blank casing 
13 50# bags 10120 sand 
12 50# bags bentonite chips 
1 end cap' 
1 locking cap 
above-grade steel monument 
3 guard posts 

• , ... 
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MONITORING WELL NUMBER MW-12-36 
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DRILL DRILL 

Ground surface 

Surface: Sandy GRAVEL, (placed for ground cover) - moist, 
no hydrocarbon odor, no sheen. 

SAND (2.0-4.5 feet bgs) - brown, moist, fine grained,loose, 
some thin silty zones present, no hydrocarbon odor, slight 
sheen. 

SILT (4.5-9.5 feet bgs) - moist to wet, olive grey, very soft, 
strong hydrocarbon odor, strong sheen. 

SILT (9.5-14.5 feet bgs) - olive grey/green mottled with 
orange spots (oxidized zones), moist, stiff, strong 
hydrocarbon odor, sheen, brown oil-like substance in upper 
2 feet of core. ' 1.,. 

SILT (14.5-15 feet bgs) - olive grey, brown mottled, stiff, 
strong hydrocarbon odor, sheen via sheen test. 

SAND 115-16.5 feet bgs) - brown, wet, fine grained, poorly 
graded, strong hydrocarbon odor. sheen. 

SILT (16.5-19.5 feet bgs) - olive grey and brown mottled, stiff, 
strong hydrocarbon odor, sheen via sheen test, stained soil 
from 16.5-17.5 feet bgs. 
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HAHN & ASSOCIATES. INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT: 2708 
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MONITORING WELL NUMBER MW-12-36 
OWRD# 84224 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde DRILL DRILL 

4-inch OD Core Barrel START FINISH 

6 lI4-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobil Drill 1410 1550 

Brad James Date: Date: 
GeD-Tech Explorations 23-0ct-95 23-Oct·95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID 

SURFACE ELEVATION: 35.9 feet MSL 

TOP OF CASING ELEVATION: 38.69 feet MSL 

SOIL DESCRIPTION 

SAND (19.5·24.5 feet bgs) - olive f:Y' wet, fine ~ed, 
sheen on core, hydrocarbon odor, se, I-inch s' t layer 
encountered at 21.0 feet bgs, some product staining on silts . 

SAND (24.5·29.5 feet !>f.) -olive grey changing to brown with 
depth, wet, fme grain , loose, muscovite present, no 
hydrocarbon odor, no sheen. 

SAND (30.0-34.5 feet bgs) - brown, wet, fme to medium 
grained, loose, no hydrocarbon odor, no sheen. muscovite 
present . 

. i., • 

SAND (34.5-36.0 feet bgs) - brown. wet, medium grained.loose. 
no hydrocarbon odor, no sheen, muscovite present. 

Bedrock encountered at 36 feet bgs (augers grinding on hard 
surface). 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 
Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasca Facility 

Portland, Oregon 
PROJECT: 
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Updated: 7/2/98 RAH 
File: 2708 MW-12-36 
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MONITORING WELL NUMBER MW-12-36 
OWRD# 84224 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLING CONTRACTOR: 
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RobEde DRILL DRILL 

4·inch OD Core Barrel START FINISH 

6 IJ4-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobil Drill 1410 1550 

Brad James Date: Date: 
Geo-Tech Explorations 23-0«·95 23·0ct·95 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2·inch ID 

SURFACE ELEVATION: 35.9 feef MSL 

TOP OF CASING ELEVATION: 38.69 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 36.0 feet bgs 
Boring sampled to 36.0 feet 
Monitoring well installed to 36.0 feet bgs 

Materials: 
10 feet 2·inch diameter, 0.010·inch PVC slotted screen 
10 feet 2·inch diameter PVC blank casing 
1650# bags 10120 sand 
14 50# bags bentonite chips 
1 end cap 
1 locking cap 
above·grade steel monument 
3 guard posts 

• Sample PrefIX Number is 2708-951023-

. 
-j l..,. 
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& ASSOCIATES, INC. 

Updated: 712198 RBE 
File: 2708 MW·13·30 

MONITORING WELL NUMBER MW-13-30 

DRILL 

Ground surface 

See boring log for well MW-13-61 for soil description. 

SP 

11 

12 

SP 
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HAHN & ASSOCIATES, INC_ 

1434 NW Sixth Avenue 

.~ •• ~, Oregon 

,(503) 796-0717 

IPROJECT: 

Northwest Natural 

Gasco Facility 

IPnrtl~n.l, Oregon 

IPROJECT: 
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MONITORING WELL NUMBER MW-13-30 
OWRD # 100685 

,HAl T .or.r.F.R· 

I~AMP'lN~ lVlliH1UU: 

IDRILLING lVlL!nuu: 
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Rob]:de DRILL DRILL 

NotSamoled START FINISH 

6 1I4-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobile Drill 8:36 10:00 

Brad James Date: 1 Date: 
Geo-Tech Explo:r"t;nno: 19-Dec·97 19-0.,.,-97 

IBORING DIAMETER: lO-inch 

IrH<:rnr. DIAMETER: 2-inch ID' 
I~TTR"FAry;: ELEVATION: 35.23 feet MSL 

ITOP OF CASING ELEV ATIUN: 34.86 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 30.0 feet bgs 
Monitoring weJl installed to 30.0 feet bgs 

Materials: 
1 foot stainless steel sumJ"well cap 
10 feet 2·inch diameter, 0.020-inch stainless steel slotted screen 
10 feet 2-inch diameter stainless steel blank casing 
9 feet 2-inch diameter PVC blank casing 
9.5 50# bags 10120 sand 
12 50# bags bentonite chips 
1 end cap 
1 locking cap 
flush steel monument 

~ ...... 
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HAHN & ASSOCIATES, INC. 
434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-61 
Portland, Oregon OWRD II 100684 

(503) 796-0717 IHAl T .nt':t':F.R· Rob Ede DRILL DRILL 

PROJECT: IRAMPLING ~inch Core Barrel START FINISH 

':u. ~, ,~~. Natural ~'n~RTTIT~'TN~t':~~~ __ ~~).!{±J4-~inch~ID~H~ollo~w' S~tem~1 A~uge~r_-ITime: Time: 

Gasco Facility ~~uU'~NT TYPE B-59 Mobil Drill 9:30 14:40 

~IPo~rtlan~d'~~Eo~n~ ____ ~nR~n,J.F.~R·~=-__ ~B~rndJ~rl~~~~~ ________ ~Date: Date: 
'''''-R~CT: 2708 nRTTJ .TNt': CONTRt\r:TOR: . Geo-Tech Explorations 18-D..,·97 18-Doc.97 
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Updated: 9123198 RBE 
File: 2708 MW-13-61 

1 I 
I I I 

.... 

,~ , .... 

rJ 

,DIAMETER: lO-inch 

<: ~ CASING nT, 2-inch ID 
E-<CI.l c:; g "T~~ '~ F.T .1<\1 A 'T'TnN' 35.23 feet MSL 

tl e F'T.;.;;....;;OP" O;.;..F'= CASIN;;.;.,;...Gf E;;...;;;;.LEV...;.;N\'=TION~:3_4."....;...;.;78' fe;.;;.,;et:..;;.;;;;;;.; MSL~ __ --1 

I 
~ 

~ 

, ..... 

SP 

'';: 

SOIL DESCRIPTION 

Ground surface 

Surface: CXlncrete. 

SAND (3.5-5.5 feet bgs) - light brown, dry to slightly moist, 
fine grained, few rounded gravels, no hydrocarbon odor, no 
sheen (fill). 

.. " SAND (15.0-19.0 feet bgs) - as ~ve, wet below 18,0 feet 
bgs, no hydrocarbon odor, no sheen (fim. 

'-

.", 

SP 

-

. ,'. SAND (19.0-21.0 feet bgs) - as above, wet, dark grey with 
"" organic reducing (decay) odor below 20.5 feet bgs, no 
2~'::~¥.: hydrocarbon odor, no sheen (fill). 
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Updated: 9123198 RBE 
File: 2708 MW-13·61 
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MONITORING WELL NUMBER MW-13-61 

SP 

SAND (21.0-23.0 feet bgs) - dark grey, fine grained with few 
shell fragments, potential hydrocarbon odor, no sheen (fill). 

SAND (23.0-28.0 feet bgs) - as above but with no shell 
fragments, potential hydrocarbon odOr". no sheen (fill). 

SAND (28.0-28.5 feet bgs) - as above, no hydrocarbon odOr", 
no sheen (fill). 

SILT (28.5-29.0 feet bgs) - greenish grey, moist, 
preferentially parts along seveI"al thin dark grey layer-s in 
upper 4-inches of silt, stiff. no hydrocarbon odOr", no sheen. 

Clayey SILT (29.0-32.5 feet bgs) - olive grey becoming 
yellowish omnge and grey mottled below 31.0 feet bgs, 
moist. stiff, plastic. no hydrocarbon odor. no sheen. 

Sandy SrLT (32.5-39.0 feet bgs) -light grey Bod light brown 
mottling, becoming dark grey below 36.0 feet bgs, moist, 
oxidation spots and some fine grained muscovite present, 
stiff, no hydrocarbon odor, no sheen. 

Silty SAND (39.0-42.5 feet bgs) - dark grey with olive grey 
silt lenses, wet, root fragments. no hydrocarbon odor, 00 
sheen. 

• J.,. 
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Updated: 9123198 RBE 
File: 2708 MW·13-61 
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MONITORING WELL NUMBER MW-13-61 

SP 

DRILL DRILL 

SAND (42.5-44.0 feet bgs). dark grey, wet, fine grained, 
shell fragments, rootlets, no hydrocarbon odor, no sheen. 

Sandy SILT (44.0-47.5 feet bgs). grey, slightly moist, few 
thin clayey silt lenses, shell fragments and rootlets, no 
hydrocarbon odor, no sheen. 

Silty SAND (47.5-51.0 feet bgs)· with olive grey silt lenses 
and dark grey fine sand lenses throughout, wet, shell 
fragments and rootlets, no hydrocarbon odor, no sheen. 

SAND (51.0·51.5.0 feet bgs). grey, wet, fine grained, no 
hydrocarbon odor, no sheen. 

Silty SAND (51.5-55.5 feet bgs)· dark grey, moist to wet, few. i,. 
silt lenses throughout and a 3·inch fine sand lens at 47.5 feet ' 
bgs, shell fragments, root fragments, no hydrocarbon odor, 
no sheen. 

SAND (55.5-61.0 feet bp)· dar~ grey, wet, fine grained, few 
silt lenses, slight reduCIng odor within silt lenses, no 
hydrocarbon odor, no sheen. 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

(503) 796·0717 

PROJECT: 

Northwest Natural 

Gasco Facility 

Portland, Oregon 
PROJECT: 

Z 
0 

* ..:Jt~ we:: 
...JW ..:J:J- p.c:::l 

w~E5 ::E;:E E:E--w <:::> ~o tn z 
0 
t.> 

= I "-~ 8 

Updated: 9123198 RBE 
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MONITORING WELL NUMBER MW-13-61 
OWRD# 100684 

HAILOGGER: 

SAMPLING METHOD: 

DRILLING METHOD: 

EQUIPMENT TYPE 

DRILLER: 
DRILLmG CONTRACTOR: 
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RobEde DRILL DRILL 

4-inch Core Barrel START FmISH 

6 114-inch ID Hollow Stem Auger Time: Time: 

B-59 Mobil Drill 9:30 14:40 

Brad James Date: Date: 
Geo-Tech Explorations 18-00c-97 18-0ec·97 

BORING DIAMETER: lO-inch 

CASING DIAMETER: 2-inch ID· 

SURFACE ELEVATION: 35.23 feet MSL 

TOP OF CASmG ELEVATION: 34.78 feet MSL 

SOIL DESCRIPTION 

Boring terminated at 61.0 feet bgs 
Boring sampled to 61.0 feet 
Monitoring well installed to 61.0 feet bgs 

Materials: 
1 foot stainless steel sump/end each 
10 feet 2-inch diameter. O.OlO-in stainless steel slotted screen 
40 feet 2-inch diameter stainless steel blank casing 
10 feet 2-inch diameter PVC casing 
12 50# bags 10120 Colorado sand 
5 50# bags bentonite chips 
5 bags bentonite grout 
3 centralizers 
1 locking cap 
Flush steel monument 

• Sample PrefIX Number is 2708-971218-

, ;,.. 
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KEY TO BORING LOGS 

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) 

MAJOR DIVISIONS 

GRAVELS Clean Gravels 
With Little or 

GROUP SYMBOLS TYPICAL NAMES 

GW Graded Gravels. Gravel-Sand Mixtures 

COURSE 
GRAINED 

SOILS 

No Fines 

More Than Half the l __ ~~=~_l_~G~p~J~;llt::G~ra:d~e~d~G~ra:v:els~. ~G~r:av:e~I~"S~an:d~Mixt~· :u:re:s~ ____ J Course Fraction is 

Larger Than 
No.4 Sieve Size Gravels With Over 

12% Fines 

More Than SANDS Clean Sands 
Half is With Little or 

Larger Than No Fines 
#200 Sieve More Than Half the 

Course Fraction is 

Smaller Than 
No.4 Sieve Size Sands With 

Over 12% Fines 

SILTS AND CLAYS 

FINE 
GRAINED Liquid Limit Less 'Than 50% 

SOILS 

More Than 
Half is SILTS AND CLAYS 

Smaller Than 
#200 Sieve 

Liquid Limit Greater 'Than 50% 

HIGHLY ORGANIC SOILS 

LEGEND FOR BORING LOGS 

Casing 

liiiii!Slotted Screen 

Cement Grout 

111111 Concrete 

Updated: 712198 RBE 
File: Boring Log Key 

Pack 

GM Gravels. Poorly Graded Gravel-Sand-Silt Mixtures 

GC 

SW 

SP 

SM 

SC 

ML 1lJ[lOI"ganiC Silts and Very Fine Sands. Rock Flour. Silty or 
Sands. or Clayey Silts with Slight Plasticity 

CL =0'0<.=<:; Clays of Low to Medium Plasticity. Gravelly Clays. 
Silty Clays. Lean Clays 

OL 

MH Inn,r".~Lnic Silts. Micaceous or Diatomaceous Fine Sandy or 
Elastic Silts 

CH 1IllOre'anlC Clays of High Plasticity. Fat Clays 

OH Clays of Medium to High Plasticity. Organic Silts 

Pt Peat and Other Highly Organic Soils 

ABBREVIATIONS 

NA Not Applicable 

ND Not Detected Above Detection Limit 

NS Not Sampled 

PAH Polynuclear Aromatic Hydrocarbons 

ppm Parts Per Million 

SPT Standard Penetration Test 

Measured Static Water Level in Well 

Estimated Water Level During Drilling 

HAHN AND ASSOCIATES. INC. 
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SOIL BORING NUMBER SD-4 
IP"rtlan,d, Oregon 

~~~~~ ______________ ~~~~~ ______ ~~~~ ___________________ IDRilL DRilL 
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Updated: 912198 RBE 
File: 2708 SD-4 
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Page 1 ofl 

SILT-brown, wet, very soft, roots, sheen, hydrocarbon odor (0"-6") 

Sandy SILT-grey, wet, soft, roots, sheen, hydrocarbon odor (6"-3') 

Sandy SILT with gravel and wood chips-brown, wet, sheen, 
hydrocarbon odor (3'-4') 

Sandy SILT with fine grained sand seams-grey, moist, rootlets 
throughout, much vegetative material from 4' to 5', sheen within 
sand seams only, hydrocarbon odor (4'-6') 

Silty SAND-grey, moist, fine grained, root fragments, no sheen, 
hydrocarbon odor (6'-7') 

Silty SAND-as above, many root fragments, no sheen, 
hydrocarbon odor (7'-9.5') 

f 

• Sample Number Prefix is 2708-960123- ' .... 

Core collected and sealed 1123196 
Core opened and sampled 1125196 

BTEX = benzene, toluene, ethyl benzene, xylene 
PARs = polynuclear aromatic hydrocarbons 
ppm = parts 'per million 
ND = non-detect : 

Project #2708 
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.HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue SOIL BORING NUMBER SD-5 
[portland. Oregon 

(503) 796-0717 IHAl I.OGGF.R: RobEde DRll.L IDRll.L 

PRO,,~~ iSAMPLING METl!QD: ~.QQ I .. Core Barrel START IfiNll:il1 

.: ........ ~~~. Natural Gas Co. InRTT.T.ING rvuHn~ V;hr,,6nrv'Push Time: Time: 

Gaseo Facility 'TYPE V1DraljOre "tu.,.h .. r\ to barge 10:23 10:40 

!Pnrthnn Oregon InRTT.T.F.R· Bill IDate: Date: 
IPRO.rF.("T' #: 2708 InRILUNG CONTRACTOR: Marine ~"""nHna Systems 1123/96 1/23/96 

to ~ UJ"tii ,.... . DIAMETER: 3.75·inch 
E-< .... ,.... 'iii ><...:l .... 

* g: 0 ...:l.BE ., 
ICASING nIAMETER: 3.75-inch ~~ If:) <,.... i: ~~ ~ ESoo ...:l~ .E::! 0.. E ::> <;; §: ., 
ISURFACE ELEVATION: Not::: ...... ~;'''u o..~ UJ~,-, .... >~ ::x:: ~~ ..... UJe. = ::E::E '-' Qe. ~ :>< - O~ t <::> ~ <'-' ~o..ril ., OE-< E-<::> TOP OF r.A~TNr. ELEyATI~: N-"t .AnnH,."hl" ::a /:Q-E-< .. ~Z 00'-' UJz ~ 0 ~ 

E::: ::x:: j~~ 0 ~- Q .... !:)OIL_ DESCRIPTION 

SD·S·Ol : 14:30( 4.7 ll8IND SMI 
Silty SAND·brown. wet. loose.very fine grained. sheen (0"-6") 

SD·5-02 i 14:33' 4.4 ; I 1 
i , Sll.T with silty sand lenses-brown. wet. medium stiff. roots. 

strong sheen (6"-2') 
SD-5-03 '14:35, 3.5 ; i , 12 ~ 

; ! : ( Sll.T-olive grey. wet. very soft. wood chips at 2'. slight sheen (2'-
SD-5-04 i 14:40 3.7 • - 1 3 

3') 
! 

, i i i I 

Sandy Sll.T-dark brown. moist. medium stiff. rootlets. many 
SD·5-0S 14:4S' 3.4 ! 4 wood fragments and dark grey to black discoloration from 6' to 

-' i 8'. sheen (3'-8') 

SD-5-06 '14:50 9.6 : - ! , 5 

t ! 
SD-5-07 15:00: 9.4 ! - 6 

! 

SD·5-08 --,-1S:05 19.0 7 , 
SD-5-09 ,1S:1O 17.4 1.1S4/NDi 8 ~ 

i 

, 

: 

Updated: 912198 RBE 
Fi1e: 2708 SD-5 

! 

, 
i 

i 

: 
: 
, 

, 
, 
, 

, 

-, 

; 

, 

! i 

i 
'. 

i 
: 

'. 
I 

i : , 
: 

: 
: : 

! 

'. 

i , 

: 

, 

I 
9 

! 
10 

I 
ill 

i 

12 

I 
13 

14 

15 

.1 

\16 
I 

117 

18 

!19 

120 

Page 1 of1 

* Sample Number Prefix is 2708-960123-

Core collected and sealed 1123/96 
Core opened and sampled 1125196 

'; ~. 

BTEX = benzene. toluene. ethyl benzene. xylene 
PAHs = polynuclear aromatic hydrocarbons 
mm = parts per million 

D = non-detect 

Project #2708 
HAHN AND ASSOCIATES. INC. 

Koppers022678 



HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue SOIL BORING NUMBER SD-6 
Portland, Oregon 

(503) 796-0717 HAILOGGER: RobEde DRILL DRILL 

PROJECT: SAMPLING METHOD: 3.7S"OD Disposable Core Barrel START FINISH 

Northwest Natural Gas Co. DRILLING METHOD: VibrationIPush Time: Time: 

Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 11:02 11:20 

Portland, Oregon DRILLER: Bill Jaworski Date: Date: 
PROJECT#: 2708 DRILLING CONTRACTOR: Marine Sampling Systems If23196 1/23/96 

co ril rt.liii ~ 
BORING DIAMETER: 3.7S·inch 

E-< .... ~ iii ~~ 
.... 

* ~ Co) ~.Be OJ 
ril~ to <,..., :>""Ul e. 1: ril~ ~ <,..., CASING DIAMETER: 3.7S·inch 
~ril ~ Co. e Q) E-<rIl 
Co.IXl rIl ~ Q. 

.... >~ ::t: ~~ SURFACE ELEVATION: Not Surveyed .... rile. ril :;;a- t: :E:E ~ Oil. - Oril t <~ ril <~ ~Co.ril OJ ~~ E-<~ TOP OF CASING ELEVATION: Not Applicable 
rt.lZ :E ril 1Xl-E-< .. ril rn~ 

j~1Xl 
0 

~-~ :r: Co) 0 .... SOIL DESCRIPTION 

SD-6·01 i 15:46' 6.5 10llND : i , SAND-brown, wet, loose, medium grained, wood fragments, slight 
SD-6-02 ; 15:48: 

. 
SD-6-03 . 15:50: 

! : 
SD-6-04 : 15:52: 

, 
SO-6-05 : 15:55 

I 

SO-6-06 16:05 
, 

: 

SD-6-07 .16:10· 

; 

SD-6-0S : 16:13 

80-6-09 16:15: 

: 

; 

~ 

; 

; 

Updated: 912198 RBE 
File: 2708 SO-6 

14.6 : - I 

i 

12.0 - l 
, 

6.8 - I 

2.6 - , 
i 

4.0 -
9.1 - , 

, 
5.3 ' - , 

I 

3.1 2.2IND , 

I 

, 
; : 

: 
, 

i 
I 

, 
! 

: : 

.'. 

11 

! I 
I 12 

i 

i i3 

i i 
14 

! i 
I 

1 15 

! i 
16 

i ! , 
17 ; , 
! 

; !S 

!9 
, 

: 110 

~ 

111 

i :12 
, ! 

:13 

; :14 

:15 

'. : 

t16 

,17 

, 
:18 

iI9 
, 

; 

120 

sheen (0"-1') 
.... 

SP 

"~ ISM: 
~~ 

SP 

Page 1 of1 

SAND-as above, moist to wet, many wood fragments from 2' to 
2.5' with an associated strong sheen (1'-4') 

Silty SAND-brown, moist to wet, loose, much root material, 
increasing silt content with depth, sheen (4'-5') 

SAND with interbedded Silts-grey, moist to wet,loose, silts are 
dark grey, moist, soft, root material and sheen in sands only(5'-
S') 

• Sample Number Prefix is 2708-960123-

Core collected and sealed 1123196 
Core opened and sampled 1/25196 

1.( ~_ 

BTEX = benzene, toluene, ethyl benzene, xylene 
PAHs = polynuclear aromatic hydrocarbons 
!?fm = parts per million 

D = non-detect 

Project #270S 
HAHN AND ASSOCIATES, INC. 

Koppers022679 



HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue 

IPortlaud, Oregon 

(503) 796-0717 

PRO .. ~· 

IU ...... · '''''~ Natural Gas Co. 

!Gasco Facility 

IPort'"n..J, Oregon 

IPROJECT#: 2708 

co rna:; 
t::I E-< .... ~ 

* ~ C,.) ..:lEe t::I~ <~ ...:I t::I ' C"I 0.. E 
;::J Ul Q, 

0..i:Q -... rn ~ Q, 

~:E 
..... Cl)c. ril >< ~ 

~c. 
t::I <~ ~o..t::I 

CI);::J :E i:Q-E-< Z t::I 
j~Q:l g:: :I: ... 

SD·7·01 , 8:32 , 55.8 ; 21l40Rl!)4 

SD·7·02 i 8:35 318 

SD· 7 ·03 . 8:37 5.5 

SD·7·04 8:40 4.6; 

SD·7·05 9:00 4.1: · 

SD·7·06 9:04 1.8 ' · 
! 

SD·7·07 9:08 2.1 · 
i 

SD·7·08 9:18, 1.5 ' 
, 

SD·7·09 9:23 1.2 
, 

SD·7·10 '9:25 1.2" _10.91ND 

Updated: 912198 RBE 
File: 2708 SD· 7 

~ 

, 

SOIL BORING NUMBER SD-7 

HAl I.Onr.F.R' RobEde DRILL DRILL 

SAMPLING M,t;THUU: 3.75"ODn;cnnc"h'''_f~ Barrel START FINISH 

DRTLl.TNn M,t;THUU: Vibntl ...... Time: ITime: 

i~~v""ML1Yl' TYPE Vibr~()~ attached to barge 9:33 9:50 

InRTT.T .F.R· Bill ~i1W~Kl Date: 'Date: 
1 DRTT .T .TNn L:uNTRACTOR: Marine Sam olin ... Systems 1123196 1123196 

~ a:; ~..:l .... 
CP E: ~~ ~ CP ... 
:I: c:: ogg ..... s: CP UE-< .. rilZ 0 ril 

U ~ .... Q 

1 

i 12 

i 

i3 
i 
; 14 

: 
! 5 

! 16 

i I 
7 

I 18 

i 
19 

i 10 

I 
III 

! 

12 

! 
I 

-' i13 

: 
! 14 

: 
, 115 
, 

; 116 

; 

117 
! 

:18 

i 

,19 

i 
120 

~~.' 
. DlAME'l',t;l1:: 3.75;inch 

~A!=:TNn DlAME'l'El1:: 3.75·inch 
~$ 
~?E I!=:TTRFA~F. ELEVATION:. l'l«>!~ ... '''J'''U 

E-<;::J ITOP OF CASTNG ELEVATION: _Not. "1. 
CI.l~ 

!SOIL DESCRIPTION 

~~ SILT·brown, wet, very soft. no sheen (0-·2-) 

GP ~ Tarry, Sandy GRAVEL, black, tar is hard to slightly ttlastic, much 
: .... ,'. vegetation, rootlets, decreasing tar content with dep ,sheen (2", 

SP I') 
SAND, dark grey, medium grained, loose, some tar in matrix, 
sheen (1'·2') -

~ Sandy SILT with fine grained sand seams'grey, moist, slightly 
stiff, rootlets and wood fragments, no sheen (2'·4') 

Silty SAND·grey, moist, fine grained, bedded brown vetetative 
material, no sheen (4'·6.5') 

t. 
Sandy SILT·grey, moist, medium stiff, shell material, root 

'?'/////h 
fragments, no sheen (6.5'·9') 

.. Sample Number Prefix is 2708·960123· ',( 

Core collected and sealed 1123196 
Core opened and sampled 1126196 

BTEX = benzene, toluene, ethyl benzene, xylene 
PAHs = polynuclear aromatic hydrocarbons 
ffIm = parts per million 

D = non-detect 
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.. -~ 

IHAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue SOn. BORING NUMBER SD-8 
Oregon 

1(503) 796-0717 IHAl T .()r.r.~R RobEde I DRILL DRILL 

I PROJECT: I~AMPT.TNn AU;THOV: 3.75"OD T""_~~~hl ! Core Barrel I START I FINISH 

Northwest Natural Gas Co. InRTT.l .INn Mt.:THUV: Vibrauon/?usn [Time: I Time: 

jGasco Facility I EQUIPMENT TYPE Vibra"'ft~ft ' 1 to barge 9:33 9:50 

l~ur+I"n.l, Oregon InRTT.TlO'l). Bill Ud' 'u." [Date: I Date: 
IPROJECT#: 2708 InRTT.l.TN£! CONTRACTOR: Marine : Systems y23/96 lf23196 

to rJJ;u IHUKING nTA l'ER: 3.75-inch 
r:il ;u 

~ e-o ......... 
~~ 

... 
* ~ 0 ..::lB6 

., 
ICASING DIAMETER: 3.75-inch r:il~ co ~ ...... i: ~ <~ 

..::lr:il C'I ::> 'Os Co ., r:il> 

~~ Il..a ...... rJJ E rJJ ~ Co 
... >~ ::I: 1~ITR1i'A"'F, ELEVATION: Not S", .toy"" ..... 

r:il ~ c :as:as ~ Q§: .... Or:il 

~~ r:l <~ ~Il.r:il ., Oe-o t e-o::> ITOP OF "'Ac!Thl'~ ELEVATION: Not 
,. 

,I" 
:as I=Q-E-< ... t<:lZ rJJ~ r:il 0 t<:l 
E=: :r: j~1=Q 0 ~- 0 ... ISOIL DESCRIPTION 

SD-8-01 9:50 I 14.3 , 875JND 
Sandy SILT-brown, wet, very soft, some medium grained sand 

SD-8-02 9:52 12.9 i1 lenses, root material, no sheen (0-2') 
i 

SD-8-03 9:56 12.1: !2 
Sandy SILT-as above, some gravel, slight sheen (2'4') : I 

SD-8-04 ,10:00; 11.9 : 13 
i ! 

SD-8-05 ,10:03 i 12.3 , : 14 Sandy SILT with fine grained sand seams-olive grey, moist, 

i ~ 
; medium stiff, rootlets throughout, much vegetative material, , f slight sheen (4'-5') 

SD-8-06 ! 10:15' 13.0 ; ; 
i 5 

i i 
SD-8-07 ; 10:18, 13.3 i 6 

SP 
SAND-grey, moist, medium grained, loose, wood fragments, 

: : ! ! 
strong sheen (5'-7') 

SD-8-08 '10:23 30.4: i ! 17 
~ ! 

I 
Tarry Sandy SILT-olive grey, moist, stiff, seams of black viscous 

SD-8-09 10:30172.0 
tar and hardened tar (7'-8') - 8 

i Sandy SILT-as above, no tar, strong sheen (8'-9') 
SD-8-10 10:32: 59.7 'l ?!:..In I: 9 

! 
i 10 

I ; 

; : ; 11 
, i 

, 
" j,. 

12 ·.Sample Number Prefix is 2708-960123-
, 

! : , 
Core collected and sealed lf23/96 ; 

i ; , 13 Core opened and sampled lf26196 

: 
; i ; 14 
: i , 
i : :15 . 

16 
, : . ~ BTEX = benz~ne, toluene, ethyl benzene, xylene 

PAHs '" polynuclear aromatic hydrocarbons 

... 

Updated: 9fl198 RBE 
File: 2708 SD-8 

: 

! 
'-, ,. ....... 

17 

:18 

,19 

:20 

fJif '" parts per million 
'" non-detect . 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue SOIL BORING NUMBER SD-9 
p"rtl ..... d. Oregon 

(503) 796·0717 IHAI T ~"""'T> RobEde I DRILL DRILL 

'PRO·.~~ ~T .TNr. ME'n1uu: 3.7S"OD Core BllI'!(!l iSTART FINISH 
_. Natural Gas Co. In'RTT .UNG MJ!,-niUU: Vi: 'U"" iTime: Time: 

IGasco Facility ~. ('i'TYPE '.'iu,a(;u,c .H~~h 'rl to barge 13:25 14:00 

'Pn..tl"' ... .l. Oregon IDRn.T.RR· Bill J;., .u.,,_ Date: Date: 
'P'RO.TF.r.'r #: 2708 In'RTT .UNG CONTRACTOR: _ Marine ~"TT\n1inu S~ 1124/96 1124/96 

00 'OJ iBO~GnTA 3.75·inch co t':l iii ~ 
1J:..n.: 

f-o ... ,...., 
~~ 

... 
* 0) 0 ...:I.BS Q) Ir.A~TNr. DIAMETER: 3.75·u.ch t':l~ co ~--- ~ ~ ~---...:It':l ~ 

:>"Us !:l. Q) t':l> f-ofl.l 
!lop:) fI.lS fI.l::r: !:l. ... >~ ::r: ~~ ISURFACE ELEVATION: Not'" ... t':l<~ c 
~~ ~ og; .... Ot':l 

~ t::l <~ ~Il.t':l Q) Of-o E-<::> iTOP OF r.ASTNG ELEVATION: Not 00::> ~ ~-f-o .. t':lZ fI.l~ t':l 0 t':l Z 
E=: ::r: :s~~ 0 ~- 0 ... iSOIL DESCRIPTION 

SD·9·01 ! 10:50 15.8' 1251ND 
SD·9·Z Cdup)' 10:55, 13.8. 94IND I 1 I Sandy SILT·brown. wet, very soft. some medium grained sand 

lenses, root material, no sheen (0-2') 

! 
, 

SD·9·03 10:58 13.0; I 

! , , 
SD·9·04 11:00. 13.4 , 

; 
, 

SD·9·OS 11:02 17.3 , i 

: , , 
SD·9·06 ,11:06_ 110 : ~-,~1I14 ! 

, 

: 

, 

: 
i 
, 

, 

Updated: 912198 RBE 
File: 2708 SD·9 

, 
, 
i 

! 

: 

i , 

i 

: 

I 

, 
; 

: 

; 

I 

! ! 
i I 

, 

I 
I 

! i 

: ; 
, 

, 
, 

i i 
, 

; 
, 

i 

! , 
i 

, 

, , 
i 

, ! 

i 

! 

i 
, 
i 

, 

i 
; 

I 

, 
! 

: 

, 

; 

i 

, 

, 
! 

: 

12 

3 ~ 
1 
14 rSM 

SP 
5 

:6 

7 

!8 

i9 

il0 

111 

I 

i12 

I 
!13 

! 
:14 
I 

i15 

j 
,16 

: 
:17 

I 
:18 
, 
i19 

! 
120 
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Gravel-wet, loose, angular. no sheen (2'·3'.5) 

Silty SAND,wet, loose, medium grained, root fragments, strong 
metallic sheen (3.S'-4') 

Tarry SAND,wet. medium grained, root fragments, bits of 
solidified tar. sheen (4'·5') 

• 1"4 
• Sample Number Prefix is .2708-960124-

Core collected and sealed 1124/96 
Core opened and sampled 1126/96 

BTEX = benzene, toluene, ethyl benzene. xylene 
PAHs = polynuclear aromatic hydrocarbons 
fJbm = parts per million 

= non-detect 

Project #2708 
HAHN AND ASSOCIATES. INC. 

Koppers022682 



IHAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue SOn. BORING NUMBER SD-IO 
IPortland, Oregon 

(503) 796-0717 IHAlT ~~~~~ Steve Johnson (FES) DRILL DRILL 

1~lw. I~A MPT .ThTr., ~THUU: o· 3.75"OD , Core Barrel START FINISH 

w._ Natural Gas Co. InRTI .TTNr., Ml!:THUD: v;~ ~ ITime: ITime: 

Gasca Facility IEQUU'Ml!;N'l' TYPE V . atta~l"." to barge 15:04 15:30 

IPortland, Oregon InRTI.T.FR· Bill • Date: IDate: 
IPRn.TFCT #: 2708 In'!? .. T~ING l,;uNTRACTOR: Marine ~ ~ 1123196 1123196 "';''' 

G I'il ooCi ~ nTA 3.75·inch 
E-o .... ~ -; ~...:l 

...... 
* ~ 0 

.... 
ICASING DIAMETER: 3.75·inch 1'ilCZ:: ...:lEe i: CI> 

ESrii < ...... I"'l~ ~ ...:ll'il ~ tl. e ::> 'Us ~ CI> 
tl.1:!:) oo::t:E- .... >c:: ~~ ISURFACE ELEVATION: Not "; ... "'Y""U .... oo~ c 

~ ~:E ~ 

~E-
I"'l<~ - Ol'il 

I'il CZ::tl.1"'l CI> OE-< E-<::> ITOP OF rACThTr.. E~:";'TION: Not A~~t;~~l..l. m::> :E I:!:)-E-< .. I'ilZ 00'-" 
Z I'il 

j~1:!:) 
0 I'il 

E=: ::t: 0 cz::- 0 
ISOIL DESCRIPTION 

SD-I0·0l • 12:50 2.5 ! NDI283 

I SILT-dark brown, wet, soft, some medium grained sand lenses, 
!':n_' n.n? . 12:55 2.4 I 1 some plant material and wood chips, slight hydrocarbon odor 

i ; and sheen from 0 to 0.5 feet (0·2') 

~n.l 0.03 : 13:00 4.4 , i2 

i i ; 
"" 

SAND-wet, loose, medium grained, wood chips, no hydrocarbon 

~n_l0.04 '13:05, 7.1 I I 
l3 

odor or sheen (2'·3') 

, , 
; i SAND·as above, some gravel, no hydrocarbon odor or sheen (3'· 

~n.l o.n!; ! 13:08. 3.6 , - : ! 4 5') 

I : ; 

SP 
~n_l0.01i : 13:25' 3 ; . ; I 5 

i I ! ! SAND- dark brown, loose, medium reained, some silt, wood 
SD·I0·07 13:28. 2.3 ' - , : 6 chips, slight hydrocarbon odor, no seen (5'·7.5') 

i 
~n_l O.OR ; 13:22 0.6 i !7 
SD.}O.09 13:30 3.2: ND/9.6 ' 

I 

; 

! 

, 

; 

, 

; 

Updated: 9/2/98 RBE 
File: 2708 SD·I0 

, 

: 

: 

.. J , 

; 

; 
; 
I 

i 

; 

; 

: 

I 

, i 

: : 
i , 

: 
: 

~ 

, 
" 

; 

!8 

!9 
i 

10 
I 

ill 
j 

i12 

i 
113 

! 

:14 
i 
lI5 
; 

;16 

17 

! 

:18 

;19 
; 

20 
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" ~. 
• Sample Number Prefix is 2708-960123-

Core collected and sealed 1123196 
Core opened and sampled 1/26/96 

BTEX = benZene, tolue~e, ethyl benzene, xylene 
PAHs = polynuclear aromatic hydrocarbons 
mm = parts per million' 

D = non-detect 

Project #2708 
HAHN AND ASSOCIATES, INC. 

Koppers022683 

.. 



HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Portland, Oregon 

(503) 796-0717 

PROJECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 
PROJECT#: 2708 

to t.::! 
* Q? 0 ril~ co ~~ ...:It.::! N 0.. E 0.. III ..... .... rn Q. 

::S::s ~ 

Oc. 
~::> til ~~ 

rnZ ::s t.::! - == E-< 

SD-11-01 ! 13:53: 366 I 
SD-11-02 113:55' 34.2 i 

I ; 
; ; 

SD-11-03 . 14:00 
: 

SD-11-04 114:03 

i i 

SD-11-05 ; 14:11· 
I , 

SD·11·06 ; 14:14 

i 

SD·1l·07 ! 14:16 

I 

i , 
I 

i 

, 

I 
I 

, 
! 

, 

: 

. 
; 

: 

Updated: 9fl19S RBE 
File: 2708 SD·ll 

.. , 

: 

, 

, 

; 

! 

! 

; 

; 

i 
13.3 ' 

I 
7.S i 

! 
6.3 

12.6 : 

6.3 : 

; 

! 

I 

I 

; 

, 

i 

; 

I 
I 

i 
I 
I 

: 
I 

SOIL BORING NUMBER SD-ll 

HAl LOGGER: Steve Johnson (FES) DRILL DRILL 

SAMPLING METHOD: 3.75"OD Disposable Core Barrel START FINISH 

DRILLING METHOD: VibrationIPush Time: Time: 

EQUIPMENT TYPE VibraCore attached to barge 16:00 16:25 

DRILLER: Bill Jaworski Date: Date: 
DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 1/23196 

rn-= 
-= 

~. BORING DIAMETER: 3.75-inch 
E-<"'~ ~...:l ... 
...:lBE '" ::> Ci; c. i: 

t.::!:;: ~ ESt;) CASING DIAMETER: 3.75-inch 

'" rn ~ c. ... >~ :z: ~~ SURFACE ELEVATION: Not Surveyed t.::! X c - Ot.::! 5:: ~p.,t.::! 
'" OE-< E-<::> TOP OF CASING ELEVATION: Not Applicable Ill-E-< ... t.::!Z t.::! rn~ 

j~1ll 
0 

Il::-0 0 ... SOIL DESCRIPrION 

5.6IND i , ,'-:," .. ,,:,:., 
SAND-brown, wet, loose, medium grained, wood chips on 

1 SP - I 1 v .~;. '. • surface, hydrocarbon odor, sheen (O'-I') 

I I , 
~,ML:~ SILT-dark brown, stiff, medium grained sand lenses, strong 

5691ND i I .2 hydrocarbon odor and sheen (1'-2') 

! ! 
- I 3 SAND-dark brown, loose, medium grained, some silt, wood 

I ! chips. hydrocarbon odor and sheen (2'-3') 
! i 

" 

- i .4 SP ; 

i I SAND- as above, no wood chihs, brick fragments from 5' to 5.5', 
slight hydrocarbon odor, no seen, (3'-6') 

. 1 , 15 
, I 

I 

- ! 6 
; , i 
: j !7 

I 
, I 1 

is 

! 
, 

I 

1 i i9 
; , ; 

i . :10 

I ! 

I I ill 
, 

i . , ". 
i ,! 112 • Sample Number Prefix is 2708-960123· 
, 

i I Core collected and sealed 1/23/96 , 
i ! 113 Core opened ans sampled 1/26/96 

, ! 
! I i14 

! ! I 
i I !15 
I : i I 

, i16 BTEX = benzene, toluene, ethyl benzene, xylene 
PAHs = polynuclear aromatic hydrocarbons 

; I ffD = parts per million I 

I :17 
= non-detect 

I 

; ; ! 
! i18 

; , 
119 

; , 
i !20 
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HAHN & ASSOCIATES, INC. 

1434 NW Sixth Avenue SOn. BORING NUMBER SD-12 
~P"rtland. Oregon 

(503) 796-0717 IHAl T .or.r.F.R· Steve Johnson (FES) I DRILL DRILL 

IPRQ..~, ~T.ING ME'n1UU: 3.7S"OD I .. Core Barrel ~ART l"lNISH 

'vo_, Natural Gas Co. 'nRTT .T.JNG ~THUU: Vibratil'n/Pnch I Time: Time: 

Gasca Facility n'TYPE '\ "tt ... ,.h...!, to barge 9:01 9:30 ... Oregon, InRTT.T.'RR· Bill IDate: Date: 
PROJE~#: ~- InRTT .UNG CONTRACTOR: Marine c. .1;, c, }124196 1124196 

co C::l wo; 
~ 

,nIAMETER: 3.75-inch 
E-<"'~ 0; 

~~ 
... 

* ~ 0 ...:lBe Q) Ir.A~INr. nTA '~R: 3.7S-inch C::lP:: co <~ ::> 'ril i:l. E: ~ <~ 
...:lC::l ~ tl.S Q) 

~~ ~~ c..~ w::z::Eo ... 
::z:: I~JRFACF, ELEVATION: Not S .... "'.T"U .... wi:l. c:: 

~~ '-' 00. C::l<~ - OC::l t C::l <~ 
P::p.,r.::l Q) OE-< E-<::> iTOP OF rA~TNr. ELEVATION: Not A w~ ~ ~-E-< .. C::lZ rJ)'-' C::l 0 C::l 

e::: ::z:: :s~~ 0 P::- 0 ... ISOIL DESCRIPTION 

SD.12-01 10:40, 0.0 ! 0.7~i Silty SAND-gray, wet, loose, fine grained, no hydrocarbon odor, 
no sheen (0'-1') 

I 
!=:n_, ?_n? : 10:4S 0.0 

~n_, ?_M : 10:S0 0.3 , 

i 

SD-12-04 j 11:00 0.1 I 8.4IND 

SD-12-05 '11:0S 0.0_, 

SD-12_OS ! 11:08 0.0 

i 

SD-12-07 11:25 0.0' 
: 

!=:n_' ?_nR 11:28 0.3 

11:41 0.6 I 
, : 

~n_12_10 11:45. 0.9 ; 

SD-12-11 ,11:50 3.0 i 

: 

I 

[ I i 

i 
: , 

, 
, 

; 
, 

-'" 

! 

, , 
I 

. - .. --' 
.. ... J 

: 

: 

Updated: 9/2/98 RBE 
Fiie: 2708 SD·12 

-

-

, 
: 

i 

-' 

, , 

, 

~ 

: 

, 
I 

: 

; 

I 

I 

, 

j , 

i 

, 
: 

I 

: 

; 

1 

12 

3 

4 

5 

6 

'7 

18 

19 

I 
10 

! 

!ll 
, 
112 

113 

14 

15 

,16 

:. 
;17 

: 
18 

19 

i 
;20 

Silty SAND-as above, wet, wood chips from 2' to 3', slight 
hydrocarbon odor, no sheen (1'-4') 

Clay, greenish gray, moist, some silt, plastic, no hydrocarbon 

~ 
odor, no sheen (4'-5.S') 

I Sandy SILT-light brown, moist, no hydrocarbon odor, no sheen 
(S.S'-8') 

I 
SP 

SAND, light brown, moist, fine grained,no hydrocarbon odor, no 
sheen, (8.'-10') 

• Sample Number Prefix is 27.08-960124-
'; J.. 

Core collected and sealed 1124196 
Core opened and sampled 1126196 

BTEX = benzene, toluene, ethyl benzene, xylene 
PARs = polynuclear aromatic hydrocarbons 
mm = parts per million 

D = non-detect . 
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HAHN & ASSOCIATES, INC. 

434 NW Sixth Avenue 

Oregon 

;(503) 796-0717 

iPR{,)JECT: 

Northwest Natural Gas Co. 

Gasco Facility 

Portland, Oregon 

PR.().JECT #: 2708 

co ril 
* ~ 0 r.J~ <-. ...:Iril ~ o..CQ 0.. e ..... r:tlo. 

~~ ~ 

00. r.J <~ r:tl~ ~ ril - :::c: E-o 

!':n_l~_01 10:10j 0.7 
I , 

!=:n_l ~_n? i 10:15: 2.4 ; 
, 
I 

!=:n_l~_n3 ! 10:20! 4.5 i 
i 

SD-13-04 ; 10:25; 5.8 . 

i 

; 

: 

; 

! 

: 
: 
I 

: 

, 

I 

: 
, 

Updated: 9f2198 RBE 
File: 2708 SD-13 

! ; 

i 
; 

i 

: 

i 

: , 

i 

i 
i 

i 
, 

! 

: 
: 

; 

, 
; 

: 

r:tlCj 
E-o"'~ ...:lEe 
=>"Ul 0. 
r:tl:x::..e-
r.J<>: 
~o..ril 
CQ-E-< 
j~CQ ... 
1.4IND 

SOIL BORING NUMBER SD-13 

HAl 1. ,",,~~ _~tl!ve Johns~ (FES) DRilL I DRILL 

~~L!NG !VU.Olnuu: 3~OD""" "'., Core Barrel START FINISH 

nRTI .1.Tl\Tn .IV1J:.lnuu: "'L .ID. .h Time: Time: 

I'I'TYPE "tt-",.hp~ to barge 9:43 10:15 

nRTT.T.~R· Bill Date: Date: 
nRTI.T .T~G CONTRACTOR: Marine c>. .1;. : Systems 1/24196 1124196 

IJ:SU.lUNli nTA 3.75-inch 
"i ~ 

:~lt: 

~...:I ... 
Q) 

ICASING DIAME'a,lt: 3.75-inch e: ~~ ~ <~ 
Q) E-or:tl ... 

:x:: ~f;5 ISURFACE ELEVATION: Not:~ 'c;rCy 5:: O~ - ~ Q) 

~ni E-o=> ITOP OF r.A!':TNn ELEVATIOl'l--=-l'lot Annl;,."hl" ... rIJ~ 
0 ril 

0 ~- Cl 
SOIL DESCRIPTION 

IrSM1 Silty SAND-dark brown to gray, wet, loose, fine grained, no 
; 1 

hydrocarbon odor. no sheen (0'-1') 

i 

I i 12 
sandy SILT-dark brown to gray. roots from l' to 2, large wood 
chips from l' to 3', slight hydrocarbon odor from 2' to 3', no 

: sheen (1'-3') 

i 3 
SP SAND-dark gray, medium grained, hydrocarbon odor, no sheen 

i ! 14 (3'-3_5') 

: i , j !5 

I 
, 16 

: 
I 7 

. 8 
, i 

19 
• Sample Number PrefIX is 2708-960124-: 

, 10 Core collected and sealed 1124196 
Core opened and sampled 1126/96 

: 11 
I i . "I ~ • 

112 

13 
! ! 
; 14 BTEX = benzene, toluene, eth)'! benzene, xylene 

PAHs = polynuclear aromatic ydrocarbons 
, I ~m = parts per million 
, 15 D = non-detect 

16 , 

17 
: 

18 

i 
! . 119 

i 

20 
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HAHN & ASSOCIATES. INC. 

1434 NW Sixth Avenue SOIL BORING NUMBER SD-14 
[portland, Oregon 

1(503) 796-0717 IHAI T .• ~ ,~~ Steve Johnson (FES) DRILL DRILL 

PRO.TF.CT, ISAMPLING M..t,;n1U~ 3.7S"OD . Core Barrel START 'FINISH 

Natural Gas CO . IDRIT..LING Mt;THU~ Vii, .!P. ,\, Time: Time: . ~. 
[Gasco Facility IEQtTTT>"""'TT TYPE to barge 12:16 12:25 . 

[P_o,r+l~ntl Oregon [nRTT .T.F.R· Bill .T. 01, Date: Date: 
[PROJECT#: 2708 [DRIT..LTNG CONTRACTOR: Marine c. . Systems 1/24/96 1/24/96 

. DlAME'n;lt: 3.75-inch to oot; ril Eo<"'~ a; >-..J Z 
* ~ C,) ..J'sS II> r.A~TNG DIAMETER: 3.75-inch ril~ It) <~ ~ <a c:l. t: ~< ~ <~ ..Jril C'I II> ril> Eo< 00 

Il..Ill -- Il.. S OO!I:..3- ... 
>~ !I: ~~ ~lJRFACE ELEVATION: No!...~ .... '~.'~U .... OOc:l. ..s ::S::s '-' ril<><: Oril Clc:l. ~Il..~ 5: Eo<~ TOP OF CASll-lG F.T.~·H"Tr'''. No~AnnH""hl" <~ ril <'-' II> o Eo< 

::E Ill-Eo< ... rilZ 00'-' ~~ , .... ~.-
ooZ ril 

:S~1ll 
0 

~-
ril 

E= !I: C,) Cl ... SOIL DESCRIPTION 

~n_l4-01 : 9:00 0.1 i O.lS/ND 1 

I 
SILT-dark brown, wet, root material, no hydrocarbon odor, no 

; , , , ,I 
sheen (0'-1') 

~n_14-02 9:10 1.5 ; [ SILT-as above, some fme grained sand lenses,no hydrocarbon 

! 12 
odor, no sheen (1'-2') 

SD-I4-03 9:20 I.B : i Ii 
Silty SAND-medium grained, large wood chips, no hydrocarbon 

13 
odor, no sheen (2'-3.5') 

~n_14-04 9:25 2.4 ! , 
Silty SAND-fine grained, small wood chips, no hydrocarbon , ;4 odor, no sheen (3.5'-4') 

~n_14_0!i 9:35 ' : 
5 SILT-light brown, moist, painted wood fragment at 4.5', small 

~n_14_OI: 9:40· 0.5 ; ~ wood fragments from 5' to 6', shell fragments from 6' to 7', 

6 
decaying wood odor. no hydrocarbon odor, no sheen (4'-7.5') 

SD-I4-07 . 9:50 0.2 , 
, :7 

~n_14_0l'l 9:55 0.4 : 
:8 SAND, light brown, moist, medium grained, no hydrocarbon 

odor, no sheen, C7.5.'-B.5') 
SD-14-09 : 10:00 5.8 1B1/ND : , SP 

._-

Updated: 912198 RBE 
Fiie: 270B SD-14 

, 

, 

'9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Page lof1 

• Sample Number Prefix is 2708-960124- " 1.,. 

Core collected and sealed 1124/96 
Core opened and sampled 1125/96 

BTEX = benzene. toluene, ethyl benzene, xylene 
PAHs = polynuclear aromatic hydrocarbons 
}lm = parts per million 

D = non-detect 

Project #2708 
HAHN AND ASSOCIATES, INC. 
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S 
"0 
"0 
CD 
~ 
o 
I\.) 
I\.) 
(J) 
CD 
CD 

~.. m' 
~~. • J. ~ ... 

'''1" 
I . -:-~-";:;:";;"";;:'-~r·q-·· 

11-189 
(Ocl. I~m 

t>_, ....... ···_iI .'''~/ ... ~,--.J 

NOTEBOOK SHEET 

Name .......... : ......................... _........ Date ........... : .................. . 
j. 

--"-
....., . - . .4L-- . - t::....-.~ -. .----...... ... [J .·,l. -- .~ -U/11"" ~-;'-L-!~\:::: :..a... , 
J L • /./.,' .f? ' 
~~l=;. 4-4' ~~ _, ___ '--.oO 
___ . __ -..~-.-,rb~/L- eJI-__ ... . ____ ....... _ 

_ .... ___ .. .. i}~l .. u..g_.:J!~ ____ .. ___ _._ .. ___ ._ ... .. 
....... ---.~Y...fJ":~·-I!-~!!.(L..f-!.. _____ .. ----... - .. 
.. . .. -.---.-lJ-!!-.-~ .. - ..... ~--.. - .. -.. ---...... -....... ---. 

. _" ......... . _~iLLt....~_i.f-.. §. __ .... ~:I4:_ .L'l ... C!f-_. __ .... ......... . 

... . -..... - .. iP~~_ J.s:.~-#lJ~'.~ .... ~i-'/ .. J. .. J.O fit ... . 
~ .. ·~~-··-.. -:-I~i=~:[_ t--;;I.~:;:~ ··L~t.~l.-/ _1.Jl]~·~ .. .. 

21· .. /l. L. :~/..tLfl./f4-.. -..... ---..... -.-.- ....... 

1-----· ----.--...... '."- ..... --... -.- _. "'-

I-r-·-----.. ··-· .-----.. -.- ... --.---........ ---.. --

-----1-- .. - .-.-.. --.-.. -.-.--.. --.... -............ -...... -.. --
1.--. '0 ••• _. __ .--...... --.-_ •• _- .. - •• - - •. -----•• - •• - ••••• - ..... _. ,- •••• _ 

_'.' .' __ M_ •• .. --_ ... - ... --1-· ""Do" - --

1-------------_··_---_··_----.--__ ....... -.... _.- .. _ 
_ .•... -.... _---_. _ ... -

-----------_ ..... , .... -. -. -_.-
------_._ .. ---_ .... -._ ........ __ ... _ .. _. __ ... _-... 

------1-·· -.-.. ----.. - .. --.......... - ..... . 
-----·--1 .. · .. _·.. .. ..... ---.. - ....... -'-'-." ..... - .. 

r ----·---1 
.;-, 

..... _ .. _. _-0' .. _ 

U. 10 COW ..... 'Mr ""UMI O"ICI 18-12H'Ct-l 

t_us··,·J 
(Au",lt nn) 

... ~.-', . .J ....... , •. Jr·Eu ........ ~: .. _. . I, 
Ul\ & .;.;, .. " t:.~ 

DE.PARTME.NT OF 1. • INTERIOR 
GEOLOGICAL SURVEY 

WATER RESOURCES DIVISION 

WELL SCHEDULE 

Dale ••••..•••••• :'(!!31 .. ........... /.. .... !.2r--:d£ ..... , 19 • .[1. Field 

Record by ... fl.: .... .'. . .. ;.r....................................... Office 
{/J • M- }:' 

Source of data /.l:1.C ....... ?j ...... / .. n.'!."rI~.'.(.~-:'. ................... . 

1. LOcatio:~e •. Q.C.t;.~.~!L............. Cou'nty .P.!:~!J 
Map ~ .~ ••.••• ,rril ................................................... . 
. ........... :t7rJ .... % sec ••.••.•.•.•.. T ••••..•...•• ~ R ~ .. 

2. Owner: Br.tt." ... ~"!.r...<1'.~.~.c.. .. , Address 2.9...~~ .... ~~ . 
• Tenant •.•.•••...•••..•..•...•..•.•.•...••.••. AddreS's ••••• • •••••.. 

Driller ~tS}.1!!.: .. .;.6.!:.!1 .. r.~.... Addre'ss .I.?~L!~ . 
3. Topography .v.'~- .. f;.£fi1-h.y. ........ -;r..... : 

. . ~,·~·--··-d ~ S;I.., M~' : 
4. Elevation ••••. • ••••••.• ft. hero.,;················,,:;;, ·· .. T .. 
5. TlIpe: Dug,~ driven, bored, jetted •.••.• 19 •.. _ : ~, , . 
6. Depth: Rept .•• ;f. .. R.?:: .. ft. Meas. •.......•..•... ft. 

7. Cl13ing: Dlam. _.1.)..·ln., to _.f .. In., TypeL~ 
Depth •• J.J..!j It~ FinlBh l.'t.~.':.t:: ... e..ct ......... . 

8. Chief Aquifer •..•.. .s...~!.L ........... From •. ~.y./.... !t 

Others ••• __ ••••••••••••••••..•.•.•.•..•.•.•.••••••••.•.••••••••••••.••..•. 

9. Water level •..••.••••..•..•.• ft. ;:~:;. _ .................. 19 •.•••• j,; 
•••••••••••••••.•••.•.••...•.••..••.•.....•.•..• which is •••••.•.••..•.• f' 

10. Pump: Type ...•...........••.•.••.•••• Capacity .•....•.•••••.•..• ( 

Power: Kind ••••.••.....•....•. : ................... Horsepower. 

11. Yield: ·Fl.ow •.••.••.•... G. M., Pump .I..Y..Q. ... G. M., Meas(1 

Drawdown •••••••.• ft. after ••.••.••.•.. _ hours pumping •••••. 

'12. Uae: Dom., Stock, PS., RR.,Q, hr., Obs .• Co".~ ... 
Adequacy, perma,nence .61...{;.l<'=5fM~ ............. . 

13. QualitV .•••••. c·.,~ ........................................... Temp .. 

Taste, odor, color .......................................... Sampl,. 

Unfit for .............................................................. . 

14. Remarks: (Log, Analyses, etc.) .W..l/.e.f.~ .. &lp.:f!..t 

·1·..&·ti.~k!..~.~!! ... c;.f(~.k\-·/~··1 ... 
... ~JJ.dI.~.~~.~~ ... {;t •. ~~ •• ~ 

-~~-~.-"y .. ".I'" PI'MlI .. , O"IU 16-~O:"'S-1 a . 
(Dv<r) 



2 

. " 

~erc.--~f~hJ~ Ifl-~, CJ; 
rh~4\I~)'1D7rlM ~C~~ 
H~,.;/ 17t .,{ /..J~~.' 

$'&Y~ ~~.' 
0- iI, ~a-.£ (12 N~~? ,-n.tJ'i 

(/-2,/1 120~ ((~J/ .'; IOUI' t'~.() 
:;..yl-).,/b' S_/ e-f ~ ~ 
2yt-1..!'8 So.--.R.. 
2{J?- 37 0 0 B~"'u/~) ~?, 
31'2..' {-'-("-1...d1 

J11~ w41.1-~( ft.~f ~d<-k. 
.£',. ;t?~, I~ /'l ry 

'0 0 __ 
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S 
"'0 
"'0 
CD 
~ 
o 
N 
N 
(J) 
CD 
-->. 

....... - / 10 ;;i..l- t1 cl t!" s: ~(O-------_ .... 
log on Ground 'nforRlolion 

--------r~DePlh 
Malerial -----1 l. 

Grey clay-dirt 
Drown-black sand 
Brown clay 
Broken black rock-decomposed 

in places 
Broken black rock w/bl"'own 

clay layers 
Dlack rocJe 
Broken black rock w/layern 

black lava rock 
Dlack rocJ( 
Grey rock 
Black lava rocl, within layer 

gr:ey clay 
Black rock. broken in places 
Broken black rock-grey sandy 

clay 
Black lava rock 
Black iax~ rock/layers grey 

Black rock-broken in p~aces 

.. 

o - r 

4 - 9 
9 - 4J 

ll-J - 102 

102 - 111,. 
114 - 123 

128 - 162 
162 - 189 
189 - 199 

199 - 212 
212 - 201 

281 - )05 
305 - ~Ifll-

lar 
)4 - 350 
)50 - 400 

.... ~ I ,eC'1 . .. ',:; 

f'o"\'Tb,,~~ 
~ Grou~d Informofion 

Malerial 

ll~ ancx\efl 17ft. center 161+' to 392 
Coke at 140' • gravel to 80ft. 
Garcnt to 50 ft. gravel to 0 

Gravel 
Clay 
sand 
Drcmn clay 
Sand 

. Broken rock 
lHack basalt hard sane broken 

lava rock layers 
Broken nul ti colored rock & 

sa.rldstone, little clay 
Ulack basalt hr-:rrd 
BrOKen rock sandy clay 
Black bDsalt liard 

Depth 

0-1 
1 - 2 
2 - 10 

10 - 40 
l.O - 50 
50 - 78 

78 - 290 

290 - 310 
310 - 370 
370 - 390 
390 - 1,00 



} 

--;-'l"IC!: ".0 WATE:R WELL CON'I'RACTOR 
The original and. flnt eopy 

ot tl'Ils report are to be 
Wecl with the 

6 STATE ENGINEER. SALEM. OREGON 97JI0 
within 30 clays from the clate 

ot well completion. 

WATER WELL REPORT 

STATE OF OREGON 
(Plea.e type or pnntl 

State Well No. -.IN/-l.'tI:::ol2N 

State Permit No 

"-... _.--

" I)WNER: 
~\ Portland Gas & Coke Ccmpany 

dress 

~.~ LOCATION OF WELL: 

unty Hul tnanah Drlller's well number 

~ _SW I.~ SW I.~ Section 12 T. 1N R. 

. .ring and dlslance 1rom section or subdivision corner 

~ (3) TYPE OF WORK (check): 

1W W.M. 

IW WeU 0 Deepening 0 Reeondltlonlng 0 Abandon 0 
; .bandof'_":>ent. describe material and proeedure In Item 12. 

\) PROPOSED USE (check): (5) TYPE OF WELL: 
')menie 0 Industria.! 0 Mu.'llclpa.! Zl 

Rotary 0 Driven 0 
C~ble 0 Jelled 0 

!::lgatlOn 0 Test Well 0 Otlle,. 0 
0 0 1 Dug Bored 

j) CASING INSTALLED: n.reaCed 0 Welded 0 
__ .. 12~- D1~m. !.rom __ 9 __ !~. to ___ 6_~_!t. Gage _ .. ___ _ 

____ 8_- Dlarn. !.rom ____ !t. to ______ !t. G .. ge ___ _ 

. _- DI.>m. trom tt. to . _ !t. Gage 

\ ' I 
PERFORATIONS: PerforHed? 0 Yes 0 No 

~ype ot penorotor used 

i'e o! penor. tlons In. by In . 

.. ___ . ______ . per.oratlons !rom !t. to !t . 

. --_._. ____ pe.:-toraUons !:cm _______ . ft. to ______ tto 

- _____ pertoratlons !.rom _ ft. to ______ ft. 

L ______ pertoraUoru tram ______ !to to ______ 1t. 

_. __ . ____ per.oraUoru !.rom ______ ft. to ______ !to 

S) SCREENS: Well screen In.stalled? 0 Ye, 0 No 
Mant!t .. eturer's Name _____________________ _ 

r pe ------------.----,. Model No. 
;' Ji.m. ___ Slot sl.%e ___ Set !rom _____ r~ to _____ n. 

. -_ ... -...... _-_ ...... _-....... _--
(11) WELL TESTS: Drawdown Is amount "'ater level is 

lowered below st"hc I~vel 

Was a pump test m .. de? 0 Yes 0 No II yes. by whom? 

Yield: 11.0 gal./mln. wlth !to dr"wdown ~!te" h,.,. 
150 "With drawdo'NIl to 200 feet. 

BaUer test ga1./mln. with !to drawdown alter hrs. 

Arte.j .. n flow g.p.m. Date 

Temperature of water Was a ch"mical an .. IYsis m~de? Q Yes C:-':o 

(12) WELL LOG: DI .. meter a! well below casing _____ .. __ .... _ ....... 

Depth drilled ft. D"ptl'l at completed weI! 382 
Formation: Desc:ribe bll c:olor. c:haracter. size of material one! structure and 
show thickness o{ aquifers and. the kind ane! nature of the material in' rach 
stratum penctTaCcd. With at lecut One ent ... lor eoc:h change of 10nnonon. 

MA'I'l:RIAL FROM i TO 

Sand 0 I 6l: 
Rock (basaJt ) 61 I 2Ll 
Sand and brake'" rock 21,1 2.1.6 
Sand 21.;,6 258 
Ba salt J hrok<>n 

; soft I 258 370 
I 
I 

DB ta T'rcm USGS 

Work started 19 ComDletod 19/..8 
)Iam. -.-. __ Slot sl.%e -_. Set trom --_____ !t. to ____ !t. D .. te well drUiIng- machine mov"d of! at well 19 

(9) CONSTRUCTION: 

""en seal-Matenal used In seal 

Depth of $e .. 1 tt. Wa. a packer used7 ______ . 

')Iameter of well bor" to bottDm ot seal _. In. 

'VeN: any loo.e strat.a cemented oU7 0 Yes 0 No Depth _____ _ 

W;as a cir1v" shoe UlIed7 0 Yes 0 No 

Wa. well rravtO! paeked7 0 Y~ 0 No Slz" a! grav"l: _____ _ 

:;r;vel pbc:ed trom ••. _ tto to _ .. _ . . __ . __ It. 

Pic! any strata contain unusable water' 0 Yes 0 No 

ot wate:r1 depth ot strata 

liIelhod oC seallnl' str:ata at! 

I (10) WATER LEVELS: 

Sialic: Icv,,1 413 tt. below land lurf.ce Date 

AMeslan t:lres::Jul"e lb>. per .Quare Inch Dal~ 

(13) PUMP: 

Manutacturer'. Name 
Type: __ ._. ____ _ ___ H.P. _______ . 

Water Well ContracUlrs Ceni!lc:atlon: 

This well was drUled under my jurisdiction and this report is 
true to the b~t ot my knowledge and bel.ie!. 

NAME _. __ ..A. ..... M. .. _J~.~.~ ___ ...... ___ .. _ ... _. __ .... ___ _ 
(Puaon. l1nn or COl"PoraUon) ('Type: ar print) 

Address _ .. -- --
.' 

Drilling Mac.hJne Opf:rator's L1~e No. ____ -.----

[Slgned] ------~IWater w.'iiC;;;;;;;.;;;--·-----·---· 

:1tr.1ctors IJcen.se No. ____ • Date ... _______ ••. _ .. _ .•.• 19._. 

10 : TJ' NJ'rr.<:.q ... I>V' 

Koppers022692 
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6711 N. E. 58th Ave. 
Vancouver, Wash. 98661 

Phon&:69A·6242 
03~~370 

HANSEN DRILliNG CO., Inc. 

LOG 
No me N.o.r.:th\'l.eS..t....Na.:tlu:a..l....G.-E __ . 

Addre .. C-~s.co R~~~~h'(' st",l; G'I\. Sit· He.! tt\S 1~~. 

Date StorIed 11-23-76 Dote Finished 12-1Q-76_ 
DESCRIPTION. 

(01 Woll Depfh --.JillL- fl. Diameler ~ 

(b J Deplh from ground surface 10 woler level before 

pumping _____ ft. Bolle, les/ed GPM 

(c) Drawdown of walor level 11 feot. 
(pumping JsYel minus slotIc wal.r level) 

(dl Cming • .I0Nn • perforation· shoc • efc. 

10" casing from o - 20' 
1" pipe from 
4 sIcs. cement 

Time! 
67 hrs ••. Drilling time 
7 hrs ••.. Down time 

o - #QO· 
37 sks. mud 

10 hrs .•• Set uP& cleanup 
6~ hrs •.• Circulate anodeo. coke. etc .• 

Desmet 
Hotary 

ft'"'' nc.la 

:J<":C. 12 TIN RIW \o.nl 

6711 N. F.. 5Rlh AVr!. 

VUl1cou"e,. \Nush. 9Ro61 

Phone: 694·6242 

HANSEN DRILLING CO., Inc. 

LOG 

Name Nortm,~st Natural Gas. Co_. _ R~t._~!-1Z6 

Address Casco Reg. Station POTt',..land 

Dale Started 1O-16-8~_ Dote Finished 10-22-85 

DESCRIPTION: 
{a) Well Deplh _4.QfL- ft. Diameter & 3/4 
Ib) Deplh from ground surface to wafer level before 

pumping 0 fl. Boifer lesfed 0 GPM 

(c) Drowdown of woler Il!vel Is .-J_ feel. 
(pumping lovel minul sialic waler Jevell 

(d I Casing· screen· perfDroltDn • shoe· etc. 

1011 casing 0 - 20 
19 sks. <::rrent 100 sks. 501 coke 99 
35 sks. ftCl (oud) 18 sks. 501 C496 

1100 ft. 1 pipe 2 yds. gr.avel 
100 ft. 2" sche. 1,0 vent pipe 
30 ft. 2" ooni tor pipe 

7 Hrs. l-bb. ,darob •• clean-up Ii surface seal 
24 Ilrs. Drillong & chasing 

.5 Ilrs. extra time carenting & setting vent 
nlhe & monitor pipe 

7 IIrH. anodes, circulate, coke, graphite 
& gravel 

,.,Gln" n'. I. 
260/ Hansen over 



, 
STATE OF OREGON [i C V 1. . .1335 006108 WATER WELL REPORT 'I 

(u requj~ by ORS 1>37,761>t.f\! L:; i:~:;\..J ~?.~:)~LEt\$.E'n'PE or PRIl'.'T IN INK 

~ .~' .. '"l~~ ~.~. c·. a - ._;.... •• 

.......... --i.i~;·~ffi~i;.J·~··;;~;:i .. ··········· 

;1) O'WNER: 
, " tb. c:hwest Namral Gas Co. Reet. (226 

... ddres> 22 CJ N'V-:! Second Ave. 
:ity Pr.'-t) anr, SLa~ Oregon 

(2) TYPE OF WORK (check): Cathodic n:otection 
.,.,. D '0 n. __ d" Grn.n-v1 N:>G. 

'-ieo ... WeU ~'. eepenmg n.ecun JtlOnmg ~.- X'O:e"" 0 

~injKtio" 0 

o Groundinc ;5: T .. , 0 

;5) CASING INSTALLED: Steel 

...... ~.9._ ... ' DiaCl. from .... ..9. ............. n. tD ...... ?Er~~:~ 

.... .2.'.' .....• ow... from ..... _Q ............. n. tD .1Q(: ........ ft. 

~: Plastic ~ 
o W.1tW 0 

L " 
Gauge . ____ '-_?~ ........ _._._. 
Gauge _._~.c.b..(";..'-..... 4.Q._ .......... . 

LINER INSTALLED: S~el 0 
Threaded 0 

Plastic 
Weided 

o 
o 

...............• Dia:::. from ..... _ ................ fl. tD ..................... fl. Gauge .......... _ ........................... _ ....... . 

(6) PERFORATIONS: Perfora~d' 0 Yes 01'0 
Siu of perforations in. by in . 

........... _ .............................................................. perforations from .............. _ ......... ft. tD ..................... n. 

(10) LOCATION OF WELL by legal description: 
County !'-\l i man'" h v. __ ~~ of Section _'__.1 ____ of 

Townahip 1 i; RAnge _-,-l-:-=,~:...: .....,.-=-_~,--__ WM . 
ITownabip ia North or South) (~~ East or W.tJ 

Block ___ SubdiviaioD __________ _ 

(or _add-.) __ =-~-=_-____ -----
e2. Station St Helen Rd. 

fL 

SLatie level ft. below land .unae •. Da~ 

ArusiAn pressure lb •. per oquare inch. D.~ 

. 8 -. /' (12) WELL LOG: Diam.terofw.l1belo"'e.asing __ ... :2.._:±.. ____ ~· 
Depth drilled 400 ft. Depth of completed weU e, ft. 

Formation: D.scribe color, tenure, gTain aize and structure of materials: and show thickness 
and nature of .ach stratum and aquiferpen.trated. wit,h at least one entry for tBcb chang. of 
formation. Report tBeh change in poaition of SLatic Water Lev.1 and indic:a~ principal 
water·bearing Itrata. 

MATERIAl.. 

Gravel 
Cl.av 

::::::::~:~-...... ::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::: fro: ~::: .. - .. : .. :: .. : .. :: .. ~,::Q.:r? ' 1"Er-~~~+;--:::::rH---'-'---------:-.....::::~_+_=~-+--==_::: 
L 0\ 

~lU"U~C~~': ~a~eS . .fi\:~;.~ .. ~. ~.~.~.I.~ .. ~ ... ......... .. I ~~ ... U _. \~ r __ t _1-"f:.::~:o.~.:..'-"'a'--'r:.:C>"-~::.~ . .:.;":'-'l=.;~==_:.....:.~-"~'-'~=--'~ ~,"--s_a;_,_·~_. ____ -:-.....!...-"'--+"'-'-'--'-~-..:.::.--=::: 
Type ..... - .......................... ::.\}J .. 0. ............... -............ -... -...... Model No .. ...... ... ..... E.::>~:..e:-! liDlti colQreC: ~cr.::>....A 
}iarr. ........................................... SlotSlze .................. Setfrom ........................ f"..tD...... r.. sanGst.onE little clav 
Diem .......................................... Slot Size .................. Set from ........................ ft. tD ........ ft. ~E-"'l"'a~:::"'v'-'.--"ba=S"'c-:"'-.:.~l ....... -'ha.'-=~""-r::--'C=-~ _______ ~"'""'.><..._+~-><-_+---_ 

E.TOkE.r-: ro:::k S::2!)GV clav 
(8) 'WELL TESTS: Drawdov."n is amount wat~r level is lowered 

below SLatic level 

.... as a pump tes~ maoe: 0 Yes CJ No If yes. by whom? 

Yield: ~ai.lmin. with ft. drawdo".-n ai'"" 

-\ir Lest gaUmin. with drill stern at ft. 

Bailer test gaUmin. with ft. drawdown after 

>\n.esian fio ..... g.p.m. 

Temperature of waU!r Depth a.rt.esian flow encounte~ci , 

(9) CONSTRUCTION: Special sLandards: Y.s:J No 0 
1'0' II aI '1 . I .. __ ...1 G,-:.:- 4:. r L 

clcck bcs21t hard 

hr>. 

hr>. 

hr>. 

ft. . J 
Date work started U:L. J.'~. .!..~, 1/'-._ 

Date well drilling machine moved off of well 19 
e se -" atena """" ............... =,."" .. ,.! ................................... 1" ................... - ..................................... . 

Well sealed from land surface tD .................... ~.0 .... .I.. ..... _':;>.Q .... :.f~.Q ........ _ ................................ ft. (unbonded) w~.ater ~~e ~tor Certification (if applicable): 
, D' f I 14 j f;'}/L . ~ ...... e 5 c mvdirectsuper.;sion.Materialsusedanci 

.. ,ameLer 0 w. I bore tD bottDm of seal .......... ; ..... ; .... 1.;- ........ III. I m [ 0 i}i n re . e ~v best kno ..... ledge and belief. 

~::.::~:.:~~~:~p~:~~~~~.IIJ:-,~ .. ~5?~J~- .-~ I d_ .---!=-',---~- D,. ----. 1'- __ . ." .......... ··u·T·~·\I .. ·· ...... ·{;J···--· .... ............. -.. (boDde:d.) W&er ~eU C«I~tfuctor Certification: 
................................................................. .. .... ................................................................................... B~nd b..:-{).u..~ l.J..jS4-:-1ssoed by: ____ L::,i;...~..:S:.:·l::,:-~,--7."""__:-----
......... _................................... ..................................................................................................... On behalf Of("j~, r.a-:ser. / r.?r-.S(;2:J (t~'i lir;~t"'&. ln~, 
.;.' as pump in.LalI.d? ......................................... Type .................. HP ................. Depth f".. (typo or pnnl aam. of ......... r w.n C<>lUlrUClDr) 

. drive shoe uaed' 0 Y.s 0 No Plugs ................. Size: location ................ ft. 
ol\" suata contam unusable wate,' 0 Yes 0 No 

iype of \-rate:? depth of strata 

. 1.1etnod of r.e.lin~ strata off 

. ·"'as w.1l !rTav.1 pecked' 0 Y •• o No Size of grav.l: ............................. : .. 

frS"'1 plsced from .................................. ft. t.o ........................ ft. 

NOTICE TO WATER WELL CONSTRUCTOR 

This well was drilled under my jurisdiction and thU! report is true to the 
best of my knC7'iilecige and belief: 

::'=~~=i~f~~~r;~"~~~==·,-~------~ 
WATER RESOURCES DEPART"lE~T. 

Koppers022694 
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PHASE I REMEDIAL INVESTIGATION 
SUMMARY REPOH.T 

AND 
PRELIMINARY ANALYSIS OF SOIL DATA 

(As Appendix 1) 

Volume 2 

Northwest Natural - Gasco Facility 
7900 NW St. Helens Road 

Portland, Oregon 

uctober 9, 1998 

Prepared for: 

Northwest Natural 
Portland, Oregon 

Prepared by: 

Hahn and Associates, Inc. 
Portland, Oregon 

and 

Decision Management Associates LLC 
Portland, Oregon 

(Appendix 1) 

HAl Project No. 2708 
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TABLE E-!- Summary of Water Level Measurements and Groundwater Elevations 
Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

Elevation of Top of Casing 

.... na .. "". 

E!tw!tn > MW"1-22 .• L MW~2-32 . MW~3-261MW,:,3"56IMW+35nlMW4-57.1 .. MW-5"32 

7-Dec-95 34.75 34.46 34.11 34.07 34.54 34.53 27.83 

Measured Water Level 

... ···Datii .. •··•· 

' .• ' ~levaB()riofT~p?f c:~@r>' 

.MW~6-321···.MW_6~~:eetk~1~_8.:.i9>LMW':'8~56 
35.51 34.50 39.09 39.13 

..' .... ··r '. 
MW-9.:.29 HMW~i6~i5 'IMw~iO~61t~~11~32IMW~i2-36J MW~13-30 

37.65 39.22 39.33 3~.39 38.69 34.86 

····.Mea;tir-ed· F.;....;:;:~~7P...,.,;:;,.----"~~~~~~'7~l~42~+~:'+~~~~+-:-'--"-...;.;..~T~+2~++~~~t~:;,.;b-s:+-:-'-~::2~+~~~~"--~+---J;.;;;'--;-::+::§;';';±2-;,++~-r-'-'~~ 
:MW~12-36 LMW.:.i3~30·· 

5-Dec-95 

5-Jan-96 

12-Feb-96 

18-Mar-96 

16-Apr-96 

10-May-96 

17-Jun-96 

16-Jul-96 

21-Aug-96 

17-Sep-96 

30-Sep-96 

15-Nov-96 

24-Feb-97 

10-Jun-97 

26-Aug-97 

25-Nov-97 

19-Dec-97 

16-Feb-98 

1-Jun-98 

NOTE: 

14.15 15.23 

14.47 20.04 

7.74 8.61 

12.44 18.03 

13.65 18.83 

13.75 19.47 

13.88 17.40 

15.51 20.71 

16.51 21.80 

17.06 22.06 

17.17 22.24 

16.38 22.02 

12.41 18.71 

12.89 14.23 

15.38 21.70 

14.42 21.50 

12.60 20.13 

14.49 16.97 

• = City of Portland Datum 
bbm = below bench mark 
btc = below top of casing 
msl = mean sea level 

Updated: 9/21198 RBE 
File: 2708 GW Elevations 

15.58 15.79 16.12 16.39 9.46 16.71 15.77 

19.47 21.85 22.47 22.38 15.57 14.84 21.58 

8.52 8.63 9.09 9.10 2.41 9.55 8.97 

17.87 19.66 20.24 20.21 13.37 12.10 19.39 

18.13 19.47 20.26 20.07 13.36 13.42 19.51 

18.98 22.01 22.58 22.60 15.78 13.30 21.55 

17.40 18.21 18.61 18.73 11.96 13.40 18.13 

20.07 24.41 24.30 24.93 17.91 14.60 23.55 

22.24 26.99 26.77 27.51 20.46 16.17 26.27 

20.61 28.02 27.15 28.53 21.27 16.94 26.81 

23.32 27.04 27.46 27.61 20.68 17.08 27.01 

20.76 26.48 26.85 27.00 19.84 17.00 25.71 

18.61 20.48 20.82 21.02 14.17 12.83 19.79 

13.80 14.20 14.70 14.56 7.97 13.81 14.61 

22.61 26.10 26.56 25.84 19.63 18.53 25.58 

19.25 24.64 25.14 24.80 18.23 16.29 24.33 

22.75 23.28 22.62 

18.65 23.55 23.25 24.10 17.09 14.29 

16.61 16.51 16.90 17.00 10.33 15.75 

19.75 20.61 6.20 

19.01 26.74 7.33 

16.99 13.56 3.32 

15.22 24.54 6.13 

15.58 24.44 6.93 

15.77 26.93 6.94 

16.00 23.15 5.03 

17.26 29.05 6.65 

19.18 31.93 8.47 

20.13 32.63 7.52 

20.19 32.45 8.70 

20.63 31.37 6.61 

18.43 25.33 4.35 

18.56 19.25 4.84 

20.31 31.13 11.71 

20.85 29.85 7.85 

27.90 

20.05 28.50 5.33 

20.05 21.63 7.25 

14.98 13.42 

15.20 16.32 

11.11 8.92 

11.95 14.47 

12.63 15.07 

12.98 15.90 

13.51 13.96 

15.90 17.21 

16.58 19.43 

16.80 19.30 

16.89 19.84 

16.42 18.38 

14.85 14.33 

16.01 12.20 

17.10 20.16 

16.36 17.89 

16.90 

15.60 15.89 

14.63 14.36 

1~.69 
i 
1~.19 

j 

8.95 

~.42 

10.12 

I 
1!).40 

I 

1p.90 
I 

11.93 
I 

13.40 
) 

14.02 

I 
14.26 

11.20 

1~.18 
I 

12.50 
I 
I 

14.30 

I 
1~.88 

12.02 

1~.85 

··Willamette River, Portland Harbor Stage, obtained from National Weather Service and adjusted to feet msl- City of Portland datum: December 1995 to December 1997. Post December 1997 River Stage data I 
measured directly from surveyed bench mark located on north end ofPNO Dock. 

9.37 

10.82 

5.27 

9.01 

9.69 

10.24 

9.98 

12.43 

14.53 

14.86 

14.97 

13.85 

9.71 

8.49 

14.13 

11.79 

9.72 14.73 

9.83 15.69 

MW-13-61 

34.78 

Project No. 2708 

River 
Benchmark 

.. (feetmsl)* 

32.12 

River 
Level 

MW~13.:.6tJ (fe~tbbm)*~' 

23.71 

23.98 21.91 

17.11 14.57 

Hahn and Associates, Inc. 
Page 10f2 
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TABLE E-! - Summary of Water Level Measurements and Groundwater Elevations 
Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon Project No. 2708 

.': Groundwater Elevation 

, -'I 
i 

.! 
, :: 

;. ~::~ 

. ~ 

-1 

'f~ 

t} 

·. 

--

<P~~.I···· .•.. ... .•.. . ....... .•. . . ..... .... . .. ' .... ...... GI;tlund~~~.~!eyation ..• '.' •. .. ...> .... ". ·········1 .... .......... " River 
Measured 1..</ . . ..• '.' ...... •. .•. .... . ... ,<> ". ... .. .•.. . .' . .. . '. . ". '.' .(feetmsl)'" .••..••.••••• '.' ... ' .. ......./.. . .·..i . ........ .' .... ... ..... .... .... } ... < Stage 

·<.~~i,22\ .•... MW"2c32. "'MW-3"26 •. MW"3"5G MW4-35 '.. ···MW-4c57···.·.· Mw-5-32 Mw-S;32 •..•.. MW;:&.61/Mw~8~29 .. ••··• .Mw.8C56 ··Mw~9~29··· .•• MW~iQ:;25.· ··Mw~io-61.· ·····irWtii-3~i··..·Mw-12~36· Mw~13-30 MW-13;:61 .' (feetmsl)* 
I 

5-Dec-95 20.60 19.23 18.53 18.28 18.42 18.14 18.37 18.80 18.73 19.34 18.52 31.45 24.24 25.91 25.70 29.32 - - 18.9 

5.Jan-96 20.28 14.42 14.64 12.22 12.07 12.15 12.26 20.67 12.92 20.08 12.39 30.32 24.02 23.01 2~.20 27.87 - - 12.4 
I 

12-Feb-96 27.01 25.85 25.59 25.44 25.45 25.43 25.42 25.96 25.53 22.10 25.57 34.33 28.11 30.41 29.44 33.42 - - 26.4 
\ 

18-Mar-96 22.31 16.43 16.24 14.41 14.30 14.32 14.46 23.41 15.11 23.87 14.59 31.52 27.27 24.8628.97 29.68 - - 14.4 
I 

16-Apr-96 21.10 15.63 15.98 14.60 14.28 14.46 14.47 22.09 14.99 23.51 14.69 30.72 26.59 24.26 28.27 29.00 - - 14.5 
I 

10-May-96 21.00 14.99 15.13 12.06 11.96 11.93 12.05 22.21 12.95 23.32 12.20 30.71 26.24 23.43 27.99 28.45 - - 11.6 

17.Jun-96 20.87 17.06 16.71 15.86 15.93 15.80 15.87 22.11 16.37 23.09 15.98 32.62 25.71 25.37 21.49 28.71 - - 15.7 

16.Jul-96 19.24 13.75 14.04 9.66 10.24 9.60 9.92 20.91 10.95 21.83 10.08 31.00 23.32 22.12 2J.46 26.26 - - -
! 

21-Aug-96 18.24 12.66 11.87 7.08 7.77 7.02 7.37 19.34 8.23 19.91 7.20 29.18 22.64 19.90 24.99 24.16 - - 6.6 

17-Sep-96 17.69 12.40 13.50 6.05 7.39 6.00 6.56 18.57 7.69 18.96 6.50 30.13 22.42 20.03 . 2137 23.83 - - 5.8 
I 
I 

30-Sep-96 17.58 12.22 10.79 7.03 7.08 6.92 7.15 18.43 7.49 18.90 6.68 28.95 22.33 19.49 24.13 23.72 - - 5.4 
1 

15-Nov-96 18.37 12.44 13.35 7.59 7.69 7.53 7.99 18.51 8.79 18.46 7.76 31.04 22.80 20.95 24.19 24.84 - - 7.2 
I 

24-Feb-97 22.34 15.75 15.50 13.59 13.72 13.51 13.66 22.68 14.71 20.66 13.80 33.30 24.37 25.00 2~.21 28.98 - - 13.6 
I 

10.Jun-97 21.86 20.23 20.31 19.87 19.84 19.97 19.86 21. 70 19.89 20.53 19.88 32.81 23.21 27.13 2q.89 30.20 - - 19.8 
I 

26-Aug-97 19.37 12.76 11.50 7.97 7.98 8.69 8.20 16.98 8.92 18.78 8.00 25.94 22.12 19.17 24.09 24.56 - - 7.9 

1 
25-Nov-97 20.33 12.96 14.86 9.43 9.40 9.73 9.60 19.22 10.17 18.24 9.28 29.80 22.86 21.44 24.51 26.90 - - 8.72 , 

19-Dec-97 - - - 11.32 - 11.25 - - 11.88 - 11.23 - - 22.43 [- - - 11.07 -

I 
16CFeb-98 22.15 14.33 15.46 10.52 11.29 10.43 10.74 21.22 - 19.04 10.63 32.32 23.62 23.44 2~.37 28.97 20.13 10.80 10.21 

\ 
I 1.Jun-98 20:26 17.49 17.50 17.56.. 17.64 17.53 17.50 19.76 - 19.04 17.50 30.40 24.59 24.97 211.54 28.86 19.17 17.67 17.55 

NOTE: • = City of Portland Datum 
msl = mean sea level 

Updated: 9/21/98 RBE 
File: 2708 GW Elevations 

I 
**Willamette River, Portland Harbor Stage, obtained from National Weather Service and adjusted to feet msl- City of Portland datum: December 1995 to December 1997. Post December 1997 River Stage data I 
measured directly from surveyed bench mark located on north end ofPNO Dock. I 

I 

I 
I 

Hahn and Associates, Inc. 
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TABLE E-2 - Summary of Aquifer Characteristic Data: Slug Testing Results 
Remedial Investigation 
Former Gasco Facility 
7900 NW St. Helens Road 

Portland, Oregon 

MW-2-32 6-Nov-95 I 14.3 to 4.3 I unconfined I shallow UJ.J."J OUj.,n ... u~ auu L.U,U'" .,u ...... u~ 

(fill) 

MW-3-26 I-Nov-95 116.2 to 6.2 I unconfined I shallow 
sandy gravels and silts 

(fill) 

MW-3-56 I-Nov-95 -13.S to -23.sl semi-confined I intermediate medium grained sands 

MW-4-35 31-0ct-95 I 7.7to -2.3 I unconfined I shallow I silts an", o;rUU\.ol1Oll 

(fill) 

MW-4-57 30-0ct-95 -14.3 to -24.3 semi-confined I intermediate medium grained sands 

MW-5-32 27-0ct-95 4.1 to -5.9 unconfined I shallow sands and silty sands 

MW-6-32 9-Nov-95 14.8 to 4.8 unconfined I shallow I J.J.,n:::U1UUJ. t:;.l CUiU::;,", sands 
(fill) 

MW-6-61 7-Nov-95 -14.2 to -.24.2 semi-confined I intermediate fine grained sands and silts 

MW-S-29 26-0ct-95 lS.5 to 8.5 unconfined / shallow lampblack, tarry gravels and silts 
(fill) 

----
MW-S-56 25-0ct-95 -S.5 to -lS.5 semi-confined I intermediate fine grained sands 

MW-9-29 23-0ct-95 19.9 to 9.9 I unconfined I shallow fine grained sands 
(fill) 

MW-10-25 9-Nov-95 22.5 to 12.5 unconfined I shallow tarry silts, fine grained sands (fill) 

MW-10-61 S-Nov-95 I -13.5 to -23.5 semi-confined I intermediate fine grained sands and silty sands 
.-.-----~--------

MW-1l-32 3-Nov-95 

I 
14.4 to 4.4 unconfined I shallow silt and medium grained sands 

-.---- --------------
MW-12-36 23-0ct-95 10.9 to 0.9 unconfined I shallow fine grained sands 

Updated: 9/28198 RBE 
File: 2708 Slug Test Summary 

3.4 0.2 0.017 0.289 

0.31 0.2 0.017 0.026 

1.3 0.2 0.016 0.102 

26 0.2 0.017 2.20 

0.S6 0.2 0.016 0.068 

0.46 0.2 0.Q17 0.039 

0.2 0.017 

1.5 0.2 0.016 0.120 

0.0067 0.1 0.017 0.00114 

0.08 0.2 0.016 0.0065 

0.28 0.2 

~ 
0.017 0.023 

0.1 0.017 

0.23 0.2 0.016 0.018 

0.2 0.017 

0.62 0.2 0.Q17 0.053 

HAHN AND ASSOCIATES. INC. 
Page 1 of 1 
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Groundwater Elevation Maps 
Surficial Fill Water Bearing Zone 

HAHN AND ASSOCIATES, INC. 
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TABLE G·1 - Summary of Analytical Results for Soil Samples 
TPH, BTEX, Total P AHs, Total Phenols, Cyanide, and Lead 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Soil Sample Chain of 
Boring' Number' Custody 

. Number Number. 

Sample .... Depth 

Date .' (feetbgil) 
": .:.>/.' 

I 

Field Observation. 

I oil Tar I Sheen Tar ',. : 

B-01 950921-B1-01 2708-8009 21-Sep-95 0.2 
, 

950921-B1-02 2708-8009 21-8ep-95 0.2 (dup) 

950921-B1-05 2708-S009 21-Sep-95 10.5 X 

950921-B1-06 2708-S009 21-Sep-95 12.0 

950921-B1-09 2708-S009 21-Sep-95 21.0 

B-02 950927-B2-05 2708-S016 27-Sep-95 16.0 
0 

950927-B2-07 2708-S016 27-Sep-95 20.5 

B-03 950921-B3-05 2708-S007 21-Sep-95 10.5 

950921-B3-07 2708-S007 21-Sep-95 15.0 

950921-B3-10 2708-S007 21-Sep-95 22.5 

B-04 950921-B4-05 2708-8008 21-Sep-95 16.5 

B-05 950928-B5-05 2708-S021 28-Sep-95 15.5 

B-06 950927-B6-02 2708-S016 27-Sep-95 8.0 X X 

950927-B6-03 2708-S016 27-Sep-95 15.5 

B-07 950927-B7-05 2708-S017 27-Sep-95 17.0 

B-08 950918-B8-04 2708-8001 18-Sep-95 10.0 

950918-B8-05 2708-S001 18-Sep-95 12.5 

950918-B8-06 2708-8001 18-8ep-95 12.5 (dup) 

950918-B8-08 2708-S001 18-Sep-95 18.0. 

B-09 950918-B9-02 2708-S002 18-Sep-95 10.0 X X 

950918-B9-08 2708-S002 18-Sep-95 28.0 X 

950918-B9-09 2708-8002 18-Sep-95 30.5 X 

950918-B9-10 2708-S002 18-Sep-95 34.0 i 
B-10 950925-B 10-04 2708-S013 25-Sep-95 17.5 

B-ll 950928-Bll-01 2708-S019 28-Sep-95 0.2 

950928-B 11-06 2708-S02o. 28-Sep"95 12.5 X 

950928-B 11-09 2708-S020 28-Sep-95 23.0 J 
I 

B-13 951006-B 13-03 2708-S035 6-0ct-95 10.5 X X 

951006-B 13-07 2708-S035 6-0ct-95 18.5 

951006-B13-10 2708-S036 6-0ct-95 24.0 

B-14 950928-B14-01 2708-S019 28-Sep-95 0.2 

950928-B14-02 2708-S019 28-Sep-95 2.5 X 

950928-B14-03 2708-S019 28-Sep-95 5.0 

B-15 951006-B15-05 2708-S036 6-0ct-95 21.0 X 

95I006-BI5-08 2708-S036 6-0ct-95 27.0 

1< 
, 

> 
' ODEQMethod ... 

I' TPH-G . TPH~418.1M 
; . Lamp ' •• 

Gasolfu.e Die~~IJOil:·· I Black .", .. 

ND>lO 130. 

220. 

X 640. 

560. 

X 

I 
X 120. 

5.9 

, 
I 

780. 

810. 

54. 

I X 54. 

I 
15. 

18. 

1,200. 25. 

I 270. 1,600. 

I 
I 

1,600. 

1,700. 

1,000. 2,700. 

ND>10 ND>5 

280. 

70. 200. 

Project No. 2708 
.' Analytical Results . . j 

" , .'., .. ' •. '. ·mg!kg (PIlI1l) . ,< .,., ........ :, 
EPA Method 8270 81M . "·'·EPA.Method802°1 ." EPA Method EPA Method EPA Method 

. '. ..... .. ,. ':.'> " .' .. ' ,. , ...... , .. ' . ., .... . '8270 9010 .'. 6010 
Carcinogenic .. ,.Ethyl I , .• · .. *ylen~s . 'I'otaIBTEX 

'. . ..... : .. : Total Total 
TotalPAHs .:Benzene ••.•.. Toluene Total Phenols 

I·" PAHs . . .". benzene ., .. , ' ..... Cyanide· Lead 
7.17 13.358 ND>0.3 ND>0.3 ND>0.3 NIbO.3 ND 0.427 60. 

26.14 55.96 0.382 58. 

336.7 1,279.7 50.7 130. 

0.926 5.026 I 4.07 
1 4.51 15. 
i 
I 

23.04 49.04 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND ND 7.44 22. 

ND ND 
I 
I 
I 3.07 

I 0.277 

0.94 3.64 1 2.67 , 
4,413. 12,486.8 

J 

I 
40.2 86.45 I 

ND ND 1 

185. 338.49 

ND 0.243 , 

2,421.5 19,437.5 104. 44.2 78.2 102.6 329. I 

9.48 43.54 

ND 0.464 

ND ND ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND ND>0.5 2. 

I 

3.26 972.87 ND>0.3 ND>0.3 3.4 i 3. 
! 

6.4 

ND 1.051 , 

3,915.9 29,386.9 28. ND>20 110. " 22. 160. ND ND>O.l 1.9 

ND ND I 
ND ND I 

I , 

I 
ND ND I 

I 

45.9 637.6 7.9 ND>0.3 3.9 I 2.5 14.3 

0.21 1.791 I 
I 

OI>:EQSoilCIe~riiijjLevelsi >. ....>< .' •• 'i > ,':> li7: 1<7# > 0# I. '. ".<#.. ..•••. 1::8j)-£1:' '·"500" . Ls~'l'~~I~(}':2 seeTabl~(}~21 ... ,'.,(~.(»> I<,$Q :., .. ' .1/\1.()(» !<:r8()()/I>#<::see'l'apl~G.3 ·"40000(,i .• ' '2,boo 5 ..•• ' ..•.. 

EPAP:RGsforIndUJ;trialS~il.3: .•• '. .",' 
. ····'7<L . 1# .. ' ','. J .' # . 1 ':A ~ L22..!!....1...; .. ..... '. , ... ':# .. .;..2j~e'l'a.l>IeG2. iie¢'l'able:a.:21.··. .• ·',1;37:·1' .•• ·'880 .>:>230 "......... ..J320· »;tt».;.· .. ·.. '~6e'I'able~3';;; ;·;··A~;626;·;· '.' ;.· .. 1,000 

NOTE: 1 = Sample number prefIx: 2708-
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045), unless otherwise noted 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
4 = Reference Levels are ODEQ UST Level 2 Soil Cleanup Standards (OAR 340-122-335) 
5 = Reference Levels are Industrial Maximum Allowable Soil Concentrations in the Soil Cleanup Table (OAR 340-122-045) 

Updated: 9/22/98 RBE . 
File Name: 2708-G 1 Soil Quality Table 

# = not established 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA = U.S. Environmental Protection Agency 
mglkg = milligrams/kilogram 
ND = not detected above detection limit indicated 

ODEQ = Oregon Department of Environmental Quality 
PARs = polynuclear aromatic hydrocarbons 
ppm = parts per million 
TPH = total petroleum hydrocarbons 
BOLD = Detected above Reference Level 

i 
I 

Hahn and Associates, Inc. 
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TABLE G-! - Summary of Analytical Results for Soil Samples 
TPH, BTEX, Total PAIls, Total Phenols, Cyanide, and Lead 
Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

Sample 
Date 

Field Observation 
-

I 
An81ytical Results 

Irigtkg{ppni) . 

Project No. 2708 

F~8oir 

Boring 
N~niber 

8ample 

Number' 

Chain of 
Custody 
Number 

Depth .. 

(feetbgs) I' 
•• .• ·· •• ··.ODEQMethoq.·· EPA MEithod 8270 SIM EPA Method $020 , EPA, M:.~thod '1'. EPA Method I EPA Method 

1 

B-17 

B-18 

B-19 

B-20 

B-21 

B-22 

B-23 

B-24 

B-25 

B-26 

B-27 

950929-B17-01 2708-S022 29-Sep-95 

950929-B17-05 2708-8022 29-8ep-95 

950929-B17-07 2708-S022 29-8ep-95 

950919-B18-05 2708-8003 19-8ep-95 

950919-B18-08 2708-8003 19-8ep-95 

950919-B18-09 2708-8003 19-8ep-95 

950919-B18-10 2708-8003 19-5ep-95 

950919-B19-011 2708-S003 19-5ep-95 

950919-BI9-03 2708-8004 19-8ep-95 

950919-BI9-04 2708-S004 19-5ep-95 

950919-BI9-05 2708-S004 19-5ep-95 

950920-BI9-07 2708-8005 20-Sep-95 

950920-BI9-08 2708-S005 20-Sep-95 

950929-B20-03 I 2708-S022 I 29-Sep-95 

950929-B20-07 2708-8023 29-Sep-95 

951003-B21-04 1 2708-80271 3-0ct-95 

951003-B22-01 1 2708-80271 3-0ct-95 

951003-B22-05I 2708-S027 

951003-B22-09 2708-S028 

3-0ct-95 

3-0ct-95 

951003-B22-10 1 2708-S0281 3-0ct-95 

951003-B23-02 2708-S028 3-0ct-95 

951003-B23-05 2708-S029 3-0ct-95 

951003-B23-08 2708-8029 3-0ct-95 

951003-B23-10 2708-S029 3-0ct-95 

951003-B23-12 2708-S029 3-0ct-95 

951002CB24-0312708-80241 2-0ct-95 

951002-B24-10 2708-8024 2-0ct-95 

951002-B25-03 I 2708-S025 I 2-0ct-95 

951002-B25-05 2708-S025 2-0ct-95 

951003-B26-01 2708-S030 4-0ct-95 

951003-B26-06 2708-S030 4-0ct-95 

951003-B26-13 2708-S030 4-0ct-95 

950920-B27-061 2708-80051 20-Sep-95 

3.0 

16.5 

23.5 

12.0 

19.5 

22.0 

24.5 

0.2 

6.5 

10.5 

12.0 

18.0 

27.0 

10.5 

23.5 

11.5 

3.5 

13.5 

24.0 

26.5 

10.5 

18.5 

26.5 

31.5 

34.5 

10.5 

29.0 

12.5 

20.0 

0.2 

20.5 

39.5 

13.0 

950920-B27-081 2708-S0051 20-8ep-951 18.0 . 

950920-B27-10 1 2708-S0051 20-8ep-95 23.0 

8heen 

x 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

x 

X 

x 

X 

I Oil'l'a:r! 

x 

X 

X 

X 

X 

X 

X 

Tar 

x 

Lamp 
Black 

X 

.TPH~G .' LTPH~418;1M 

.• GasblinEi ..•. r ··DieselJOil 

2,400. 

3,100. 

850. 

24. 

1,600. 

3,200. 

1,900. 

130. 

940. 

220. 

1,300. 

1,500. 

120. 

4,700. 

99: 

44. 

380. 

68. 

1,500. 

1,500. 

6,800. 

760. 

340. 

11. 

530. 

600. 

12. 

930. 

16. 

110. 

640. 

35. 

. CarcinogeniC 
PARs. 

ND 

ND 

ND 

ND 

ND 

24.07 

114.1 

0.659 

324.2 

35.76 

0.101 

0.027 

244.507 

0.255 

0.418 

1.727 

30.23 

1.117 

276.5 

3.328 

5.13 

1,600. I 861.7 

ND>5 ND 

1,300. 

ND>10 

700. 

94. ND>5 

8.5 

570. 90.5 

9.605 

Total PAllS .Benze~e/.I .•. ·.Toi\lEme . ". Ethyl." 
• benzene. 

ND 

ND 

59.079 

1,814. 

0.888 

59.3061 360. 

933.22 IND>0.3 

408.26 41. 

80.001 

1.956 

1,092.607 

12.686 

7.107 

120. 

40.268 IND>0.3 

485.234 ND>0.3 

76.897 

1,091.8 

0.14 

12.458 

0.45 

9.319 

15,529.7 

1.12 

1,243.4 

125.405 

13. 

ND>0.3 

6.8 

160. 

110. 

22. 

280. 

ND>0.3 

120. 

64. 

ND>0.3 

ND>0.3 

ND>0.3 

ND>0.3 

2.3 

110. 

31. 

ND>0.3 

39. 

16. 

ND>0.3 

ND>0.3 

ND>0.3 

ND>0.3 

ND>0.3 

16. 

46. IND>30 

3.6 ND>0.6 950920-B27-12 I 2708-S0061 20-Sep-95 I 28.0 

950920-B27-15 2708-S006 20-Sep-95 35.5 1.2111 12.2411 

NOTE: 1 = Sample number prefix: 2708-
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045), unless otherwise noted 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
4 = Reference Levels are ODEQ UST Level 2 Soil Cleanup Standards (OAR 340-122-335) 
5 = Reference Levels are Industrial Maximum Allowable Soil Concentrations in the Soil Cleanup Table (OAR 340-122-045) 

Updated: 9122198 RBE 
File Name: 270B-G 1 Soil Quality Table 

# = not established 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA = U.S. Environmental Protection Agency 
mglkg = milligramslkilogram 
ND = not detected above detection limit indicated 

.8270> . 9010 6010 

kyleries .TotalBTEX I Total :Phenolslc~~!~~e 

ND 

220. 891. 0.36 IND>0.25 

~>0.3 
, 160. 

1 60. 

NP;>0.3 
') 

ND>0.3 

, 
I 

ND>0.3 

1.3 

0.34 

90. 

" 

ND;30 

\ 1.2 

ND 

ND 

ND 

ND 

360. 

260. 

14.3 

9.44 

376. 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

156. IND 

26.8 

ODEQ = Oregon Department of Environmental Quality 
PAHs = polynuclear aromatic hydrocarbons 
ppm:= parts per million 
TPH = total petroleum hydrocarbons 
BOIiD = Detected above Reference Level 

0.17 

Total 
Lead 

13. 

57. 

1.6 

11. 

4.5 

9.8 

5.9 

2.5 

5.2 

10. 

1.9 

5.2 

I Hahn and Associates, Inc. 
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TABLE G-l - Summary of Analytical Results for Soil Samples 
TPH, BTEX, Total P AHs, Total Phenols, Cyanide, and Lead 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Soil 
Boring·. 

Number 

8ample 

Numberl 

Chain of 
Custody 
Number 

8ample. 
. Date 

Depth 
(feetbgs) 

-
Field Observation ... Analytical Results 

mglkg (ppm) .. 

Project No. 2708 

EPA Method EPA Method 
9010 60io 

I 
.·1 ... I Total Total 

. Sheen 011 Tar Tar C.·d L d , .. .. ______ vam e ea 

B-28 951002-B28-01 1 2708-S025 

951002-B28-02 2708-S025 

2-0ct-95 

2-0ct-95 

0.2 I \ IND>10 I 35. I 45.5 I 86.836IND>0.3 IND>0.3 IND>0.3 1f'lDfO.3 IND IND 21. 

0.2 (dup) I 65.5 1 135.19 
7.8 IND 

099 

5.6 

B-29 

951002-B28-07 2708-8025 2-0ct-95 15.0 X X 24. 200. 167.2 611.5 I 5.5 IND>2 IND>2 I I 2.3 

I 1 951002-B28-11 2708-8026 2-0ct-95 24.0 ND>10 ND>5 ND 2.2981 0.99 ND>0.3 ND>0.3 NDf>0.3 
950922-B29-01 2708-8011 22-Sep-95 0.2 190. 138.8 230.07 --Ir---'--t-------t------t-----t-----I 

B-30A 

B-30 

B-31 

B·32 

B-33 

B-34 

B-35 

950922-B29-08 2708-8011 22-8ep-95 18.0 X 

950922-B29-10 2708-8011 22-Sep-95 23.5 ND>10 9.3 

53. 220. 950922-B29-12 2708-S012 22-8ep·95 28.0 

vvvv ___ -v -v 1-' - - - - --1--- -. - X 1,800. 4,800. 5,214.1 58,821. 7 1 150. 

950925-B29-17 2708-S013 25-Sep·951 44.0 ND>10 44. 2.614 16.454 

950925-B29-18 2708-S013 25-Sep-95 47.0 ND 0.18 

X X 

X 

950922-B30-01 2708-S010 22-Sep·95 0.2 390. 500. 964.5 

950922-B30-06 2708-S010 22-Sep-95 11.5 X X 320. 3,200. 938.7 6,775.7 18. 

950922-B30-08 2708-S01O 22-Sep·95 17.0 

950922-B30-12 2708-S010 22-Sep·95 28.5 x 
950922-B30-13 2708-8011 22-Sep-95 33.5 

950925-B31-01 2708-S013 25-Sep-95 0.2 

950925-B31-06 2708-8014 25-8ep·95 21.0 x 
950925-B31-08 2708-S014 25-Sep-95 24.5 

950925-B31-10 2708-S014 25-Sep·95 28.0 

950925-B31-11 2708-8014 25-Sep·95 28.0 (dup) 

951003-B32-0112708-80311 4-0ct-95 1 0.2 

X 

X X 

X 

150. 

12. 

250. 

ND>10 

760. 

1,400. 

120. 

ND>5 

240. 

2,200. 

34. 

66. 

6,600. 

ND 

ND 

94.3 

22.98 

1,846.1 

2.089 

34.8 

3,156.3 

4,100. I 1,728. 

I 
ND 

ND 

853. 17. 

38.148IND>0.3 
12,665.7 ND>3 

5.494 

140. 

ND>3 

ND>0.3 

ND>3 

1.9 

951003-B32-03 2708-S031 4-0ct-95 

951003-B32-15 2708-8032 4-0ct-95 

951003-B32-18 2708-8032 4-0ct-95 

11.5 

46.5 

58.5 

x 
X ND 

61.21 

28,772.3 

21,961. 

1.202 0.95 IND>.3 

951005-B33-01 2708-8033 5-0ct-95 

951005-B33-02 2708-8033 5-0ct-95 

951005-B33-03 2708-8034 5-0ct-95 

951005-B33-11 2708-8034 5-0ct-95 

951005-B33-14 2708-8034 5-0ct-95 

951006-B33-18 2708-8035 6-0ct-95 

950926-B34-01 2708-8015 26-Sep-95 

950926-B34-05 2708-8015 26-Sep-95 

950926-B34-12 2708-S015 26-Sep-95 

951005-B35-01 I 2708-8033 

951005-B35-06 2708-8033 

5-0ct-95 

5-0ct-95 

0.2 

3.0 

5.5 

38.5 

54.0 

69.0 

0.2 

11.5 

36.5 

0.2 

22.0 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

430. 

1,700. 

36. 

3,400. 

1,900. 

2,200. 

170. 

140. 

2,700. 

7,600. 

230. 

41. 

4,200. 

69. 

27. 

7,700. 

575.3 

151.77 

1,054.4 

3.02 

0.525 

49.2 

1,639. 

19.49 

4,013.5 

955.4 

37.51 

8,238.4 47. 

65.04 

5.682 

94.09 

13,499. 

38.94 IND>0.3 

41,601.5 

0.72 

22. 

0.82 

ND>0.3 

35. 

12. 

2.8 

ND>0.3 

9.1 

ND>.3 

29. 

1. 

ND>0.3 

110. 

20. 

I 

ND~3 
I 

NDtO.3 

I 9.6 

NDp 

I 
I 28. 

ND~0.3 
I 
\ 

1.1 

435. ND 

51.9 ND 

19.8 

ND 

18.7 ND 

1. 

126. ND 

3.641ND 

ND ND 

3.03 

0.59 

3.02 

3.9 

6.48 

0.67 

1.7 

25. 

14. 

12. 

20. 

2.1 

951005-B35-10 12708-80331 5-0ct-95 1 29.0 0.7841 9.2941 \ 

6I)EQS()ildI~llIltl~J.El"emf/ ... ',.',',' / ", ..... ··H .•••• > •.•..••... ,_ ..•. , .•.. ·1 ....# ,1< .. '# .. ·<1·· •• " # .' .' .",." , ••.•• '..# ...• t '130~. " .• Ht., . ··./jO()4 .'. . •. ··lseeTablr(}~2ISElEl'l'~b)~G-21 ... ·>2:0·( 1<8() •.• ,.· ••• 1<. . ... l()O "liS!)!) ' ..•.•• ' r· ... , # ' •. , ··ls~e'I'abI~G-31/4(),000·· .. ·1··.·· 2,()00 5 

EP kPRG~ifJI"ihdiistri~lsJil" .. "1.# 1\# I· ...#} #{~--I~ 1# I see'I'iibleG~2Isee T~bleG-211.3T lH880 23()<li 320:12# ~ IlleerrableG-sI13,626 I· i,ooo· 
NOTE: 1 = Sample number prefIx: 2708-

2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045), unless otherwise noted 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
4 = Reference Levels are ODEQ UST Level 2 Soil Cleanup Standards (OAR 340-122-335) 
5 = Reference Levels are Industrial Maximum Allowable Soil Concentrations in the Soil Cleanup Table (OAR 340-122-045) 

Updated: 9122198 RBE 
File NaJIle: 2708-Gl Soil Quality, Table 

# = not established 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA", U.S. Environmental Protection Agency 
mg/kg = milligramslkilogram 
ND = not detected above detection limit indicated 

ODEQ = Oregon Department of Environmental Quality 
PARS = polynuclear aromatic hydrocarbons 
ppm ~ parts per million 
TI'H = total petroleum hydrocarbons 
BOLD = Detected above Reference Level 

1 

I Hahn and Associates, Inc. 
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TABLE G-! - Summary of Analytical Results for Soil Samples 
TPH, BTEX, Total P AHs, Total Phenols, Cyanide, and Lead 
Remedial Inyestigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

8oil' 
Boring, 

. Number 

8ample 

Number' 
.Cb.,~.fIl()f I' Sample 

CustOdy .• <Date 
. iN uinber .. ' 

":':·1 
M-ll I 95ll02-Mll-011 2708-S047 1 2-NoY-95 

95ll02-Mll-09 2708-S047 2-NoY-95 

951102-Mll-10 I 2708-S0471 2-NoY-95 

MW-01-22 1 951024-M1-01 2708-S039 24-0ct-95 

951024-M1-02 2708-S039 24-0ct-95 

951024-M1-06 2708-S039 24-0ct-95 

MW-02-32 1 95ll06-M2-01 1 2708-S049 1 6-NoY-95 

951106-M2-06 2708-S049 6-Noy-95 

MW-03-56 1 95ll01-M3-10 2708-S045 1-NoY-95 

95ll01-M3-13 2708-8046 1-NoY-95 

951101-M3-17 2708-8046 1-NoY-95 

" Depth 
(feet bgs) 

0.2 

39.0 

43.5 

0.2 

3.5 

23.5 

0.2 

24.0 

31.0 

38.0 

53.5 

95ll01-M3-18 12708-80461 1-NoY-95 1 53.5 (dup) 

MW-04-57 1 951030-M4-01 2708-8043 30-0ct-95 0.2 

951030-M4-06 2708-8043 30-0ct-95 25.5 

951030-M4-15 2708-8044 30-0ct-95 57.0 

MW-05-32 1 951027-M5-01 2708-8042 27-0ct-95 

951027-M5-05 2708-8042 27-0ct-95 

951027-M5-07 2708-S042 27-0ct-95 

951027-M5-10 2708-8042 27-0ct-95 

0.2 

15.5 

21.5 

31.5 

MW-06-61 95ll07-M6-01 12708-80501 7-NoY-95 

951107-M6-08 2708-8050 7-NoY-95 

951107-M6-10 2708-8050 7-Noy-95 

951107-M6-ll 2708-8050 7-NoY-95 

2.5 

30.0 

38.5 

43.0 

MW-08-56 1 951025-M8-01 12708-8040 1 25-0ct-95 

951025-M8-11 2708-S040 25-0ct-95 

0.2 

44.0 

951025-M8-15 12708-80411 25-0ct-95 1 55.0 

MW-09-29 1 951023-M9-01 2708-8037 23-0ct-95 0.2 

951023-M9-04 2708-8037 23-0ct-95 5.0 

951023-M9-05 2708-8037 23-0ct-95 11.5 

MW-10-61 1 95ll08-M10-01 2708-8052 8-NoY-95 0.2 

951108-M10-02 270B-8052 B-NoY-95 0.2 (dup) 

95110B-M10-09 270B-8052 B-NoY-95 28.0 

MW-12-36 1 951023-M12-01 1 270B-S0371 23-0ct-95 1 0.2 

951023-M12-06 I 270B-803B I 23-0ct-95 22.0 

951023-M12-071 270B-8038 1 23-0ct-95 26.5 

x 

x 

x 

x 

x 

x 

Field Observation 

-----

ND>10 

x 

x 160. 

6DEQS6il.61~ruiri~i.e~~lii·~' •.•.•. :.': •.•• ,})\' .. # 1 ## .., .' 8(H' 
EPAPRGtl£orfuciU:strlilis6ii/ i " ........ . .i#." #>1 >#.<1 '.# 

NOTE: 1 = Sample number prefix: 2708-
2 = Reference Leyels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045), unless otherwise noted 
3 = Reference Leyels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
4 = Reference Levels are ODEQ UST Level 2 Soil Cleanup Standards (OAR 340-122-335) 
5 = Reference Levels are Industrial Maximum Allowable Soil Concentrations in the Soil Cleanup Table (OAR 340-122-045) 

Updated: 9122198 RBE 
File Name: 270B-G 1 Soil Quality ,Table 

ND>5 

ND>5 

Project No. 2708 

Analytical Resufts 
, mg/kg (ppm) " 

'\1:ethod 8020 ~ 

14. 67.4 105.83 I 9.9 

460. 

ND 

ND 

ND 

9.723 7.876 

0.966 10.915 

3.071 5.78 
8.35 12.84 

5.2 

0.152 

3.718 

0.044 

I 
ND 

ND 

0.461 

10.293 

0.432 

10.128 

0.157 

57. 114. 

872. 

195.1 

3,261. IND>.3 

ND 0.263 

0.817 1.43 

350. 810. 1,942.1 

19. 

29. 

30. 

0.242 0.908 

ND ND 

ND 

ND 

ND 

ND 

1,389. 

0.108 

203.4 

0.783 

11.7 

78.5 

0.163 

45. 

64.1 

ND 

20,614. 1 67. 

1.819 ND>.3 

0.056 

280.8 

8.063 

0.642 

21.502 

163.02 IND>.3 

0.521 

7B.741 

106.99 

0.764 43. 

65.5 1 116.21 

0.27 B.6 IND>3 

ND IND 

ND>.3 

ND>30 

ND>.3 

ND>.3 

3. 

8.2 

ND>.3 

140. 

ND>.3 

·ND>.3 

0.73 

3.5 

I 
ND>.3 

I 

Nlh.3 

I :t-l"D>.3 

I 
I 

NDl.3 
I 

56. 

21. 

ND 

263. 

ND 

ND 

46.73 

32.7 

ND 

ND 

ND 

ND 

ND>.5 

0.25 

0.88 

0.47 

0.8 

1.3 

0.61 

518. 

4.9 

29. 

15. 

6.4 

2.9 

500" ·lseeTa.bl~(}..~I~~Ta.bJeG'21)'~~():>I><$6: ,': 1()(» [0 'lBO() <I) # '>J se¢Tabl¢Q:.:3 >140,OOO~.J2.000 • 
.•.•• ,. ·.lSeElt!lbl¢(}~21s.eeTableq,.21.·...iM •• · /i.I\{f!80 •. ·.·· 

# = not established 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA = U.S. Environmental Protection Agency 
mg/kg = milligramslkilogram 
ND = not detected above detection limit indicated 

230.rJ320 .J.\\#} 1 see Table (1:3 113;626<1 .1,000 

om:Q = Oregon Department of Environmental Quality 
PARs = polynuclear aromatic hydrocarbons 
p:.>m, = parts per million 
TPH = total petroleum hydrocarbons 
BOW = Detected above Reference Leyel 

Hahn and Associates, Inc. 
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TABLE G·t - Summary of Analytical Results for Soil Samples 
TPH, BTEX, Total PAIls, Total Phenols, Cyanide, and Lead 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

- 80il 8ample Chain of 
Boring Number' Custody 

8ample Depth 
Date (feet bgs) 

Field ObserVation-

N~mbe~ - Number -:-- -- ODEQMethOd _ 
:---

I - -

--:> .- ---- 8heen --- I Oil Tar J< Tai I<~:~ 
MW-13-61 971218-M13-02 2708-8058 18-Dec-97 6.0 

971218-M13-03 2708-8058 18-Dec-97 10.0 

971218-M13-04 2708-8058 18-Dec-97 13.5 

971218-M13-05 2708-8058 18-Dec-97 18.0 

971218-M13-08 2708-8058 18-Dec-97 24.5 

971218-M13-10 2708-8058 18-Dec-97 28.0 

971218-M13-11 2708-8058 18-Dec-97 31.0 

971218-M13-17 2708-8059 18-Dec-97 57.0 

GT-1 971117-001 2708-8054 17-Nov-97 3.0 

971117-004 2708-8054 17-Nov-97 10.5 X X 

971117-006 2708-8054 17-Nov-97 16.0 

I 971117-008 2708-8054 17-Nov-97 20.5 

971117-011 2708-8054 17-Nov-97 35.5 

GT-2 971117-012 2708-8054 17-Nov-97 3.5 

971117-017 2708-8055 17-Nov-97 15.5 

971117-021 2708-8055 17-Nov-97 33.0 

GT-3 971118-023 2708-8056 18-Nov-97 3.0 

971118-026 2708-8056 18-Nov-97 12.5 

971118-032 2708-8056 18-Nov-97 36.0 

GT-4 971118-034 2708-8056 18-Nov-97 13.5 

I 971118-038 2708-8057 18-Nov-97 40.5 
, --c---_ - '-__ -_-_-_-- _ _ ,-

----:::/ - -- ------: -----::::--
--

# - - --1#< :---:: -#: ---:-:1---::- #--:'(---:----ODEQ8oilCleanup Levels 2 ::--:- -- -----: 

EPAPRGsf6~itidustriai8oh~:'::: '-:-::: •• -<:--:--::- ::--:: _-:: :---_----_ ----:- -#. ---:1-----# 1-:# --1---<:#<-:----
- -- -----

NOTE: 1 = Sample number prefIX: 2708-
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045), unless otherwise noted 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
4 = Reference Levels are ODEQ UST Level 2 Soil Cleanup Standards (OAR 340-122-335) 

TPHcG 

-- _-Gasoline 

300' 

- -
:80 • 
_# -

5 = Reference Levels are Industrial Maximum Allowable Soil Concentrations in the Soil Cleanup Table (OAR 340-122-045) 
6 =< Analyzed via Northwest Methods NW-TPH-G and NW-TPH-Dx 

Updated: 9122198 RBE 
File Name: ~708-G 1 Soil Quality Table 

TPHc41B:1M 

-- DIesel/OJ -

13,400' 

--:- <500' 

:, --it :-_: 

Project No. 2708 

--- Analytical Results 
- :-':- : - mglkg (ppm)- , 

-_EPA¥~thod 8270SIM: - : EPAMethod~020' - ---::-c _ EPA Method EPA Method EPA Method --

- Caiciri:og~nic Tot~PAfrs : --::Se~~ene _-- Toluene :PARs __ - :--- :-- --: -

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

0.342 1. ND>0.025 ND>0.025 

ND ND 0.069 ND>0.025 

ND 0.058 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

2.24 4.34 ND>0.025 ND>0.025 

ND 6.17 ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND 0.084 ND>0.025 ND>0.025 

ND ND 0.027 ND>0.025 

ND ND ND>0.025 ND>0.025 

21.9 43.09 ND>0.025 ND>0.025 

ND 0.05 ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

ND ND ND>0.025 ND>0.025 

see'l'able(}~2 seeTa.blecP~ \2;0// -80- - -

see Table G~2 s~eTable:G~2.: -::::~L31' -_.----:- _880--

# =< not established 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA = U.S. Environmental Protection Agency 
mglkg = milligramslkilogram 
ND = not detected above detection limit indicated 

-Ethyl 
benzene ------

ND>0.025 

ND>0.025 

ND>0.025 

ND>0.025 

ND>0.025 

ND>0.025 

ND>0.025 

ND>0.025 

0.034 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

ND>0.075 

-.100_> -
230 --

\ : 8270 901() 

_ ~ylenes 
-- Total 

TotiotlBTEX Total PhenolS 
, - Cvanide:-

ND>0.075 ND ND>0.02 

ND>0.075 ND ND>0.02 
1-

ND>0.075 ND ND>0.02 
I 

t-41hO.075 ND ND>0.02 

ND>0.075 

I 
0.069 0.04 

I 
NDrO.075 ND 0.02 

1\'D!:.0.Q75 ND 
I 

ND!.0.075 ND ND>0.02 
I 

0.13 0.164 ND>0.03 1 

I 
ND>0.075 ND ND>0.02 

J 

ND>0.075 ND ND>0.02 
i 

ND>0.075 ND ND>0.02 
\ 

NDJ.0.075 ND ND>0.02 
I 

ND>0.075 0.027 ND>0.02 
I 

ND:l.0.075 ND ND>0.02 , 
ND:!.0.075 ND ND>0.02 

I ND ND>0.02 

~~f~:~~: ND ND>0.02 

ND:!.0.Q75 ND ND>0.02 
I 

ND>0.075 ND ND>0.02 

r 80(j) -.::-- -># -- seeTable G~3 40,000 5 

1320-- > #::- see Table G-3 : :-13,626 

ODEQ = Oregon Department of Environmental Quality 
pAIls = polynuclear aromatic hydrocarbons 
ppm!= parts per million 
TPH = total petroleum hydrocarbons 
BO~D = Detected above Reference Level 

6010 
Total 
Lead 

2000 5 

_1;000 --

Hahn and Associates. Inc. 
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Table G.2 - Summary of Analytical Results for Soil Samples, P AHs by EPA Method 8270 (SIM) 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

PAIls bYEJ?~ Method· 8270 (siM) . AD;.t}ytic~Jl~~ts····· 
.... . riig/kg(ppm) .. 

Project No. 2708 

•.... N on~carciIi()genicP MIs, 
. . . i . .. i. -.~.--~-,--~~-----r----~----~--------~ ·1· ... 

Carcizlogerllc P AHS. 
"'---"-j-':'----,'=-' 

.~ 

~ 
. ·C··" 

0·· 
!XI ,....:.. ," 

·cr 
00 

B-01 

B-03 

B-05 
B-06 

B-07 
B-08 

B-09 

til 
. bD o ~ 

Z "al 
.~..>, ~ 
>~ "'C __ 
.~. 0 A 

S ~ Q) .... 

~ .. " 8 "'<0 fr 

i> .1···i "l 
01 A.. ~01 

.00.·. '·0" 00_ 00" 

950921-B1-01 I 2708-S009 I 21-Sep-95 0.2 

950921-BI-02 
950921-BI-05 
950921-BI-09 
950921-B3-05 
950921-B3-07 
950928-B5-05 
950927-B6-02 
950927-B6-03 
950927-B7-05 
950918-B8-04 
950918-B8-08 
950918-B9-02 
950918-B9-09 

2708-8009 
2708-8009 
2708-S009 
2708-S007 
2708-8007 
2708-8021 
2708-8016 
2708-S016 
2708-S017 
2708-S001 
2708-S001 
2708-S002 
2708-S002 

21-Sep-95 0.2 
21-8ep-95 10.5 
21-Sep-95 21.0 

21-Sep-95 I 10.5 
21-8ep·95 15.0 
28-8ep-95 I 15.5 

27-8ep-95 I 8.0 
27-Sep-95 15.5 
27-Sep-95 I 17.0 

18-Sep-95 I 10.0 
18-Sep-95 18.0 

Q) 

~ 
Q) 
u 
01 
~ 

A. ..... 

cil' 
~. 

.Q)." 

,.9'. 
~ 

•. 01 .
'.~ 

.Q)' 
.~ 

.~., ~ 
01. 

::g :-' .1., 

g I .• P. 

~.. ..ii·i.1k J . '0' 
"N:" 
.Q .. 
Q)' . j ... ·IJ<··· !XI 

1. 1.6 0.52 
3.7 5.6 

45.3 72.3 

...•.. !XI....... '0'· 

1.5 1.4 
5.6 

82.8 

<'Q)': 'Q)" 
~. .~ 
Q) 'Q) 
~.' '.~ .Q). 

~ ~ ~ 
.~~ -Q) 

~. ~ Q) . ~ 

lii Is.ltfil1 
0.22 0.93 0.14 ND" 0.14 1.3 
0.84 3.5 0.51 0.41 1.1 5.1 
7.7 46.2 6.1 5.8 21.7 65.8 

.. 
cil g 

)(1) ... ~ 

~ . A· 

j<l 
0.055 0.073 

10.34 0.46 
09.6 313. 

0.19 0.21 

1.7 
26.7 

0.056 

5.2 
55.7 

0.17 0.19 IND" 0.11 0.13 ND" 0.24 0.17 

1.3 
5.7 

140. 
0.36 o 0.14 0.21 

3.2 I 5.2 

ND" 
ND b 

574. 
5.7 

ND" 
18. 

ND" 
472. 

1.6 

ND" 
0.2 

972. 
8.8 

ND" 
40. 

ND" 
420. 

1.8 

1.9 

ND" 
ND b 

370. 
3.5 

ND" 
12. 

ND" 
139. 

0.66 

4.8 4.1 

ND" ND" 
0.18 IND b 

767. 833. 
7.1 

ND" 
47. 

NDa 
487. 

2.1 

7.6 

NDa 
24. 

NDa 
601. 

1.9 

0.64 

ND" 
ND b 

159. 
1.1 

ND" 

ND" 

6. 

56.5 
0.22 

3.2 I 0.3 I 0.14 I 3.1 I 4.2 

NDa 
0.56 

738. 
6.4 

ND" 
38. 

ND" 
246. 

1.2 

ND" 
0.14 

21. 
ND>1.0 

NDa 
0.48 

ND" 
0.44 

124. 
0.55 

ND" 
4. 

0.18 IND" 
558. 457. 

1.9 0.17 

D" 

ND" 

ND" 

NDa 

0.19 
191. 

2.1 

2.8 

ND" 
1.1 

1,080. 
9.6 

ND" 
58. 

ND" 
603. 344. 

1.3 
u.u54IND" 

1.8 

5.9 o 0.2 0.16 

NDa ND", NDa 
0.34 IND b ND b 

1,680. I ;3.8 
10.2 ND>~.O 

884. 
ND>I.0 

ND" 
26. 

ND" 
1,350. 

4.4 
0.08 

ND' ND" 
, 0.71 

i 0.063 IND" 

2.3 

464. I 7,560. 
10.99 8.3 

ND" , ND" 

'. Q) 

.~ 
'Q) 
.~ 

A. .... 
~ 
01· 
~ 

'Q) 

··If· 
0.88 
5.8 

142. 
2.2 
3.1 

NDa 

ND b 

1,180. 
5.5 

ND" 
7.2 

ND" 
3,410. 

7.8 
0.2 

Q) 

Q 
Q) 
~ .. 
(t.' 

2.3 
10.4 

239. 
0.65 
8.9 

ND" 
0.49 

2,840. 
18.3 

ND" 
52. 

ND" 
2,270. 

7.4 

ND 

u 
.~ 
.bD 
o· 

'oe 
.01 o 
'.~' .... 
'0 

.E-< 
7.17 

26.14 
336.7 

0.926 
23.04 

0.94 
4,413. 

40.2 
ND 

185. 
ND 

2,421.5 
9.48 

ND 

'" 
~ 
'3 
.~ 

6.188 
29.82 

943. 
4.1 

26. 

2.7 
8,073.8 

46.25 
ND 

153.49 
0.243 

17,016. 
34.06 

0.464 

B-10 950925-BlO-04 2708-S013 25-Sep-95 17.5 ND aND" ND aND" ND aND" ND aND" ND" ND" ND" ND " ND" : ND· ND a ND a ND ND , 
B-11 950928-B11-06 2708-S020 28-Sep-95 12.5 0.83 0.5 ND" 0.53 1.4 ND a ND a 7.8 0.61 2.7 ND" 4.2 16.7 915. 25.2 7.4 3.26 969.61 

I 950928-B11-09 2708-S020 28-Sep-95 23.0 ND" ND a ND aND· ND" ND" ND" 0.071 ND" 0.094 ND· 0.17 _ 0.076 ND a 0.35 0.29 ND 1.051, 
B-13 951006-B13-03 2708-S035 6-0ct-95 10.5 564. 752. 238. 942. 811. 89.9 519. 1,630. 155. 578. 747. 2,350. 4in. 13,000. 2,950. 3,580. 3,915.9 25,471. I 

951006-B13-07 2708-S035 6-0ct-95 18.5 ND aND" ND· ND· ND" ND" ND aND" ND" ND" ND" ND" ND" i ND" ND" ND" ND ND 
951006-B13-10 2708-S036 6-0ct-95 24.0 ND" ND" ND" ND" ND· ND" ND" ND" ND" ND" ND" ND" ND" 0 ND" ND" ND a ND ND 

B-14 ND" IND IND 950928-B14-03 I 2708-S019 I 28-Sep-95 1 5.0 IND a IND" IND" IND" IND a IND a IND" IND" IND a IND" IND" IND a IND a , IND" IND " 

B-15 41.3 I 45.9 1 591.7 951006-B15-05 2708-S036 6-0ct-95 21.0 6.8 9.7 3.2 9.3 9.7 1. 6.2 16.1 4.1 6.6 9. 27.7 i 6.9 400. 80. 
, 951006-BI5-08 2708-8036 6-0ct-95 27.0 ND' 0.05 0.16 ND" ND' ND" ND" ND" 0.053 0.13 ND" 0.24 __ 10.038 0.13 0.59 0.4 0.21 1.581 

B-17 I 950929-BI7-01 2708-8022 29-Sep-95 3.0 3.5 5.6 1.3 5.7 3.6 0.67 3.7 0.026 0:22 0.92 5.3 10.5 00.15 0.093 4. 13.8 24.07 35.009 
950929-B17-05 2708-8022 29-8ep-95 16.5 28. 15. 5.8 16. 44. 1.1 4.2 161. 10. 111. 5.9 114. 119. 478. 477. 224. 114.1 1,699.9 
950929-B17-07 2708-S022 29-8ep-95 23.5 ND" ND. ND· ND· ND aND' ND' 0.078 ND· 0.086 ND' 0.072 0.062 0.16 0.32 0.11 ND 0.888 

B-18 I 950919-B18-0512708-8003119-8ep-951 12.0 I 0.17 1 0.09 1 0.0321 0.0741 0.26 IND " I 0.0331 1.9 I 0. 16 1 0.441 0.0471 1.1 I ,1.8 I 44.8 I 6.7 I 1.7 I 0.
659

1 58.647 
950919-B18-10 2708-8003 19-5ep-95 24.5 ND' ND" ND' ND aND" ND· ND aND· ND" ND' ND aND" ND" ND" ND" ND" ND ND 

B-19 I 950919-B19-01 2708-S003 19-5ep-95 0.2 53.1 57.6 29.6 61. 71.4 10. 41.5 6.8 0.52 212. 46. 115. ~0.1 2.9 91.7 114. 
950919-B19-03 2708-S004 19-5ep-95 6.5 7.6 5.4 2.4 5.8 9.7 0.96 3.9 13.4 4.6 14.4 5.1 25.4 13. 180. 83.3 33.3 
950920-B19-07 2708-S005 20-Sep-95 18.0 0.054 ND" 0.047 ND a ND aND· ND" 0.5 0.17 ND" ND a 0.180.77 76.3 1.7 0.28 
950929-B19-08 2708-S005 20-Sep-95 27.0 0.027 ND' ND aND" ND aND" ND" 0.081 ND" 0.081 ND" 0.13 10.097 1.1 0.3 0.14 

324.2 
35.76 

0.101 
0.027 

244.507 

0.04 0.0681 0.0951 0.0631 0.0551 0.18 1 0.11 I 11.2 1 0.36 
B-20 I 950929-B20-0312708-S0221 29-Sep-95I 10.5 40.4 I 44.5 I 19. 45. I 67.1 1 4.7071 23.8 1 35.8 1 9.4 1 122. 29.3 1 113. 57.8 I 27.8 1 239. 214. 

950929-B20-07 2708-S023 29-Sep-95 23.5 0.048 0.06 ND" 0.053 0.0541ND a 0.3' 0.255 
1.3 I 0.44 I 0.2 IND. 0.59 I .10.0891 0.71 1 2.5 B-21 1 951003-B21-04 I 2708-8027 I 3-0ct-95 I 11.5 0.12 1 0.0791 0.079IND· 0.14 IND· INn" 0.86 I 0.418 

2;000;>1#/> 120,000 .• '. ·.'1> H#)·18;0.QQ;l.~,ooo:.J~O, •• > J\# . 6;000 .••.•••..••.• ~.# 

609.02 
372.5 

79.9 
1.929 

848.1 
12.431 

6.689 
# bDEQS6ilCi~~nririIk\;~isi.·· ·.·I·O,lO:li />1< O;l/ ••• I H

M. ··1 •.•.• · O~J. ·H.! ·{Q:l)I(O:l< 
EPAPR&iidffudlistriJisbiia •·•······ . ·12;61' I··.· ···.~;6Ji ···I<)26J:3··.liO~21) ••• ·.·.·.1·.,,;2··· ...... ··'1.0:26 >Lli:2:E>J '>110: •· .•• »I.· •• • •. >4t<IIi/l'«?I .. :n# ...t~7;;21)1rl).~0;:i •• ··d • .2itQ:\ ·'1))· # ... 190; " ·L.>· . "'#1> . -.: # 

Note: DEQ = Oregon Department of Environmental Quality 
EPA = U.s. Environmental Protection Agency 
mg/kg = milligramslkilogram 
ND = Not detected above detection limit indicated 
PAHs = polynuclear aromatic hydrocarbons 
ppm = parts per million 

Updated: 9122198 RBE 
File Name: 2708-Gl Soil Quality Table 

II = Reference level not established 
1 = Sample number prefix: 2708-
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045) 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
Bold = Detected above Reference Levels 

a = det~ction limit is 0.05 mg/kg (ppm) 
b = detection limit is 0.2 mg/kg (ppm) 
c = detection limit is 1 mglkg (ppm) 
d ;= detection limit is 100 mglkg (ppm) 
e = detection limit is 0.5 mglkg (ppm) 
f = det~ction limit is 0.7 mglkg (ppm) 
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Table G·2 - Summary of Analytical Results for Soil Samples, PARs by EPA Method 8270 (SIM) 
Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

P AHs by EPA Method 8270 (81M) 

tlO 
.9 .... o 

. t:Q. 

.. ,........ ..... 
o· 

'·00 

B-22 

B-23 

B-24 

.:: 
Q) 

..0 e 
::l 
Z 
Q) 

-a e 
oS ... 

00. 

951003-B22-05 
951003·B22·09 

~ 
~ o ..., 
UJ 
::l o ..... 
0., 

C: ·a" 
E5 

2708-S027 
2708·S028 

951003-B23-081 2708-8029 
951003-B23-12 2708-S029 

951002-B24-031 2708-S024 
951002-B24-10 2708-S024 

.3 
Ol· o 
Q) 

-a e 
Ol. 

00 

3-0ct-95 
3-0ct-95 
3-0ct-95 
3-0ct-95 
2-0ct-95 
2-0ct-95 

B-25 1 951002-B25-03 1 2708-S025 1 2-0ct-95 

B-26 

B-27 

B·28 

951002-B25-05 1 2708-S025 

951003-B26-01 I 2708-8030 
951003-B26-06 2708-S030 

2-0ct-95 
4-0ct-95 
4-0ct-95 

951003-B26-13 1 2708-8030 1 4-0ct-95 

950920-B27-10 1 2708-S005 
950920-B27-12 2708-8006 
950920-B27-15 2708-S006 

951002·B28-01 I 2708·8025 
951002-B28-02 2708-S025 

20-8ep-95 
20-8ep-95 
20-Sep-95 
2-0ct·95 
2-0ct-95 

951002-B28-07 1 2708-S025 1 2-0ct-95 

. . .. 
- ~---.'-.-.. 

Carcihogeriii: pARs 

U) " 
]l ..., 

Q) 

ai ~. 
.~: J 

u ..., 
.@ ojQ 

~. ..E.. . .... ~ .. 
g,!,.5·· 

(I) 
Q 
Q). ... 
~ 

Q). 
~. 

21 
Ol .... 
~ 
Q 
Ol 

;a 
Q) "s.. ~ . 

1 ·• •• ··· .• · ••. 1 ~ .,., 
:sO ... ~ 
.. .Q). 
o .:: ',-00 

.. ,Jr@ ... 

~: .. 
0···· 
N 

'Q 
Q) 

.. ..0.: 

.. c:i ' 
13.5 
24.0 
26.5 
34.5 
10.5 
29.0 
12.5 
20.0 
0.2 

20.5 
39.5 
23.0 
28.0 
35.5 

~I ~I ~ 
9~ ~ 1~ 

0.2 

ND' 
41.9 

ND" 
0.41 

NO' 
0.73 

124. 

ND' 
17.2 
1.9 
0.31 
6.1 
9.5 

19.1 

0.19 I 0.097 

ND' 
53.2 

ND' 
0.71 

ND' 
1.2 

134. 

ND' 
16.3 

1.6 
0.26 

10.1 
14.9 
33.4 

ND' 

ND" 

NO' 

ND' 

21.3 

0.25 

0.49 
57. 

6.2 
0.78 
0.091 
4.3 
6.3 

12.6 

0.151 0.58 
2.6 12. 

ND' 

0.2 I 0.27 IND' 

ND' 
59.5 

ND' 
0.78 

ND' 
0.99 

138. 

ND' 
18.3 

1.7 
0.16 
8.6 

14.1 
42.7 

ND' 
64.1 

ND" 
0.6 

ND' 
0.77 

265. 

NO' 
21. 
2.6 

ND' 

ND' 

ND' 

ND' 

0.28 IND' 
8.2 
9.5 

30.2 

0.15 

5.5 

0.078 

0.16 
20.7 

1.9 
0.11 

1.6 
2.4 
3.6 

ADalyticalResults··,· 
mg1kg (pprit) 

. , 

. 1·· "':'-- --

Non-carcii:J.ogeriic PAHsi. 
Q) 
~. 

~ 
! ,· ... Jl j 

1 )·,ti~ 
].".. ,./~ ·····,··,·,' .. ~.· .. i .. ·:. 

NIl' 

ND' 

ND' 

0.057 
0.58 
0.16 

31. 

0.5 

0.79 
123. 

ND' 
9.6 
0.915 
0.11 
6.6 
8.8 

25.6 

ND' 

ND' 

NO' 

9.4 
78.8 

0.87 

52.4 

0.41 

ND' 

ND' 

ND' 

0.076 
0.504 
1.2 

7.5 

0.15 

608. 449. 
0.

092
1ND ' 

0.059 0.046 
53. 

8.6 
1.1 
0.73 
1.1 

32.6 
2. 
0.14 
0.26 
0.86 
3.7 

Q) •. 
Q 

21 
Ole 

-'.J-t'., 
,;Q . 
. ...,. 
..~.' .. 

ND' 

NO' 

NO' 

1.2 
17.6 
0.52 

34.9 

0.29 

ND' 

ND' 

ND' 

Q) 

~ 
t-
.Q) 

i:4 
~ . .. 
:§ 
·0 

N 
Q 

.Q) 

t:Q 

0.055 
0.49 
0.19 

42. 

0.75 

0.0971 0.84 
1,220. 171. 

0.051 ND' 
21.9 I 13.6 
3.1 
0.36 
4.6 
1.8 

11.2 

1.3 
0.15 
8.2 

12.3 
39.5 

r 

,I 
Q). \' 
Q .. 
Q) 

. ,;Q . 
. ..., II> 
.Q ... t:l 
... f! e 
··.0 ·.0· 

~' ... ~ .. 

5.3 1 15.7 
65.4 59.9 

ND' 

1.4 

1

3. 

ND' 
132. 28.5 

I 

Q) 
.Q 

•.. Q) 

... ~ 
·_l:h·· 

l· 
.' ... ' .. ~ .. :, .... 

NO' 

0.31 
0.41 

58.8 

115. 

Q) 

t:l 
Q) ... 

,;Q ..., 
Q 
oS 
Q 

.Q) 
,;Q. 
Q.. .... 

12.2 
160.2 

8.2 

ND' 
186. 

NO" ND'\ 0.14 IND' 
1.2 

NO' 
1.5 

949. 
0.066 

79.1 
9.9 
1.3 
9.7 

17.3 
66.1 

; 0.53 

ND'l 

1.2 
0.45 

ND' I INO' 
6rl. 6,420. 

10.059 0.55 

~5.7 1 586. 
6.5 44.7 
0.88 1.8 

1

0.246 0.3 
0.55 0.88 

~4. 102. 

2.5 

NO' 
0.46 

2,630. 
0.19 

208. 
26.4 

3.5 
4.6 
9.2 

74. 

Project No. 2708 

ND' 

Q) 
Q 
Q) 

~ 
4.3 

71.7 
1.6 

217. 

ND' 
2.1 

ND' 

NO 

~ 
u 
'a 
~ o 
Q 
'0 .... 
oj 

o 
~ ..., 
.0 
8· 

1.727 
30.23 

1.117 

276.5 
NO 

3.328 
ND 

1.2 1 5.13 
1,540. 861. 7 

0.099 NO 
113. 
13.3 

1.8 
12.7 
25.7 

110. 

90.5 
9.605 
1.211 

, 
ND 

til 

~ 
"iii ..., 

·0 
_8 

38.541 
455.004 

75.78 

815.3 
0.14 
9.13 
0.45 
4.189 

14,668. 
1.12 

1,152.9 
115.8 

11.03 

951002-B28-11 1 2708-8026 2-0ct-95 

0.2 
0.2 
15.0 
24.0 NO' ND' NO' ND' ND' ND' ND' 

23.8 

0.0571ND - NO' NO' NO' ND' I 2.2 0.0411NO ' 

45.5 
65.5 

167.2 
ND 

41.336 
69.69 

444.3 
2.298 

B-29 

B-30A 
B-30 

B-31 

B-32 

950922-B29-01 2708-8011 
950922-B29-15 2708-S01.2 
950925-B29-17 2708-S013 
950925-B29-18 2708-S013 
950922-B30-0l 1 2708-S010 

950922-B30-061 270S-8010 
950922-B30-12 2708-8010 
950925-B31-01 2708-S013 
950925-B31-06 2708-S014 
950925-B31-0S 270S·8014 
950925-B31-10 2708-8014 
950925-B31-11 2708-S014 

951004-B32-01 12708-8031 
951004-B32-03 2708-S031 
951004-B32-15 2708-8032 

22-8ep-95 
22-Sep-95 
25-Sep-95 
25-Sep-95 
22-8ep-95 
22-8ep-95 
22-8ep-95 
25-Sep-95 
25-Sep-95 
25-8ep-95 
25-Sep-95 
25-Sep-95 
4-0ct-95 
4-0ct-95 
4-0ct-95 

951004·B32-18 1 2708-8032 1 4-0ct-95 

ODEQSoifGleanup I1vels ;,. 
EPAPRG~.fo~Industrial§iiiI3 .... . 

Note: DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 
IIlg/kg = milligramslkilogram 
ND = Not detected above detection limit indicated 
PAHs = polynuclear aromatic hydrocarbons 
ppm = parts per million 

Updated: 9122198 RBE 
File Name: 2708-G1 Soil Quality Table 

0.2 
35.5 
44.0 
47.0 
0.2 
11.5 
28.5 
0.2 

21.0 
24.5 
28.0 
28.0 
0.2 
11.5 
38.5 
58.5 

10.5 
1,540. 

0.56 

31.7 
758. 

0.45 

11.6 
308. 

0.12 

32.5 
571. 

0.51 

19.3 
1,810. 

0.68 

4.8 
46.1 

28.4 
181. 

0.4 7.3 3.3 
1,650. 

1. 

41.8 
230. 

0.3 

9.4 
8,480. 

1.6 

10.47 2.4 3.4 1 22.S 138.S 
5,214.1 

2.614 

91.27 
53,607.6 

13.84 

NO' 
49.8 

167. 
14.3 
2.1 

319. 
0.28 

ND' 
ND' 

2.9 
495. 
259. 

IND-

NO' 
110. 
167. 

17.4 
5.4 

321. 
0.35 

ND' 
NO' 

6.9 
500. 
285. 

IND' 

ND' 

ND' 
NO' 

45. 
71.9 
7.4 
1.8 

119. 
0.11 

2.5 
292. 

81. 

IND' 

ND' 
99.6 

182. 
22. 

4.8 
374. 

0.7 

ND' 
ND' 

7.4 
585. 
386. 

IND' 

ND' 
75.4 

245. 
19.8 
3. 

394. 
0.39 

ND' 
ND' 

5.6 
824. 
427. 

IND-

ND' 

ND' 

ND' 

0.054 

20.2 
16.5 
1.8 
0.98 

45.1 
0.039 

1.8 
87.3 

0.24 

ND' 
100. 
89.3 
11.6 
4.9 

274. 
0.22 

ND' 
ND' 

7.7 
373. 

9,210. 
1.1 

NO' 
9.2 

220. 
15.2 
0.11 

ND' 

77.6 
0.33 

13.4 
228. 

68.8 

1,120. 
0.0721ND • 

1.3 
50.6 

ND' 
ND' 

0.09 
990. 

ND' 
ND' 

1.7 
807. 

NO' 
16. 

417. 
28.7 

0.59 
473. 

0.18 

NO' 
ND' 

NO' 
129. 
125. 

17.7 
6.8 

364. 
0.27 

ND' 

NO' 
110.5 
739. 

53.3 . 

1.6 
1,290. 

0.S8 

ND' 

4,5~0. 7,400. 15,500. 
5.1 'lO.84 0.77 

ND' 0.18 IND' 
15.9 I 9.4 1 37.3 

3fO. 1,730. 1,260. 
~1. 327. 126. 
,0.058 0.3 0.71 

422. 2,880. 2,620. 
10.063 ND>0.05 0.54 
I 

ND', ND' ND' 
NO' IND' IND' I IND ' ND' 

0.53 12.4 2.7 iO.ll 0.82 
1,190. 529. 2,050. 810. 11,100. 

52. I. 238. 1 1,330. 1 39. 1,280. 354. 1,180. 520. 11,100. 
IND' ND' 0.064 ND' 0.061 NO' 0.13 10.047 0.38 

0.66 
4,560. 
2,440. 

0.31 

·1}~;!1·.1····~;~liil\~~~1~·I/·0;26 • ...• 1 ··.7;2 .• ··· 
·· .. 0.1· '·:··0;1 . ...~;~6)~':~ld. \1::6.> IH: .. 

# = Reference level not established 
1 = Sample number prefix: 2708-
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045) 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
Bold = Detected above Reference Levels 

a = de~ction limit is 0.05 mg/kg (ppm) 
b = detection limit is 0.2 mg/kg (ppm) 
c = detection limit is 1 mg/kg (ppm) 
d = detection limit is 100 mg/kg (ppm) 
e " de~ction limit is 0.5 mg/kg (ppm) 
f = cetection limit is 0.7 mg/kg (ppm) 

6,530. 
2.8 

ND' 
133.8 
808. 

91. 
3.7 

1,600. 
1.4 

ND' 
NO' 

7.4 
3,580. 
1,990. 

0.21 
6,000.·· . 

100: 

ND 
500. 
938.7 

94.3 
22.98 

1,846.1 
2.089 

ND 
NO 

34.8 
3,156.3 
1,728. 

NO 
.. ,.# 

, 

·#1 

O.lS 
464.5 

5,S37. 
75S.7 

15.168 
10,819.6 

3.405 
ND 
ND 

26.41 

25,616. 
20,233. 

1.202 
# 

# 
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Table G-2 - Summary of Analytical Results for Soil Samples, PAHs by EPA Method 8270 (SIM) 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

P¥I~'bY:EPAMethod 8270 . (81M) . 

r·: .. 
;:; 

.•. Q) 

. .8 
..•.. llD ;:1. 

.. ~, <,,1 
·.00 •• ·•···· . ·.···.oo~ 

B-33 951005-B33-01 

~ 
~ o ...., 
'" ;:1 

Q .... 
0 .. 
I:: 
~C; .. 
.a 
o 

2708-S033 
951005-B33-02 2708-S033 
951005-B33-03 2708-S034 
951005-B33-14 2708-S034 
951006-B33-18 2708-S035 

B-34 I 950926·B34-01 I 2708-S015 
950926-B34-05 2708-S015 

B·35 I 951005-B35·01 I 2708-S033 
951005-B35·06 2708-S033 
951005-B35-10 2708·S033 

M-ll I 951102-Mll-Ol 1 2708-S047 
951102-Mll-09 2708-S047 
951102-Mll-I0 2708-8047 

MW-01-221 951024·M1-01 I 2708-S039 

Project No. 2708 

I 

, 
A";:'~lytjcaIResUlts 

"':', -~--.. 
~ ·······.inglkg (ppm) 

- -------

~ 

~CarCiiiogenicPAHs . . .. 
~ Q).. r 
",. iu. ..Q) ... I:: 
llDl::l:: . Q) 1 
~ •. Q)Q) ill Q) 

Q):S:S l! ..•. ~. .~ 
~. 1::.1:: Q) ~~. .Q). -. 1 I:: ~ .. al·. .al I:: I:: .'1:1.. .. Q) ;ci ............ Q). al , ..... t.l.... Q) I:: ... i::'. Q) b.O 

.s"'" . g . g ~ ~ .... , .··ch~·· I:: ~a Q) 1'1 g 
al ~ ~.. .r:;:::... Po ~ 'C'!. 1l .~.. ..~.g ~ 'u 

1 l>,J',(]] J,'il".j'.c,J;s<>l <Jll J '~·.·I ~ 

'" 
~ 

5-0ct-95 0.2 34.6 124. 44. 129. 70. 32.7 141. 1.3 29.1 9.9 202. 29.5 ~.6 9.1 10.5 87.1 575.3 380.1 
5-0ct-95 2.5 1.9 2.4 0.88 2.8 2.5 0.29 1.5 1.7 0.23 0.96 2.1 6.4 0.85 1.5 4.1 7.4 12.27 25.24 
5-0ct-95 5.5 181. 185. 72.1 225. 262. 21.3 108. 369. 133. 263. 152. 527. 266. 3,460. 1,190. 824. 1,054.4 7,184_ 

I 
5-0ct-95 54.0 0.65 0.57 ND' 0.7 1.1 ND' ND' 3.4 ND' 2.1 0.62 3.4 ~.5 37. 8.6 5.4 3.02 62.02 
6-0ct-95 69.0 0.045 0.054 ND" 0.37 0.056 ND. ND. 0.06 0.35 0.12 0.047 0.18 0.12 3.5 0.47 0.31 0.525 5.157 

26·Sep·951 0.2 6. 10. 4.5 9.9 9.6 1.6 7.6 0.99 1 0.461 1.5 9.5 11.7 0.441 1.1 5.6 13.6 49.2 44.89 
26-Sep-95 11.5 227. 256. 153. 356. 383. 41. 223. 253. 452. 1,289. 318. 849. 40~. 5,420. 1,580. 1,290. 1,639. 11,860. 

5-0ct-95 0.2 2.2 I 4. I 1.5 I 4.1 I 4.1 I 0.59 3. 0.14 0.54 0.88 4.5 4. 0.15 1 0.34 1 2.2 I 6.7 I 19.491 19.45 
5-0ct-9~ 22.0 613. 780. 269. 954. 809. 91.5 497. 532. 1,960. 880. 714. 2,600. 98~. 20,700. 4,890. 4,330. 4,013.5 37,588. 
5-0ct-90 29.0 0.13 0.14 0.068 0.17 0.18 ND. 0.096 0.52 0.28 0.27 0.14 0.5 p.28 4.3 1.4 0.82 0.784 8.51 

2-Nov-95 0.2 8.1 I 18. I 6. I 10. I 6.9 I 2.3 I 9.2 I 0.73 0.91 I 0.82 12. I 12. 0.3 0.37 4.2 14. I 67.4 I 45.33 
2·Nov·95 39.0 0.16 0.11 0.046 0.077 0.13 ND' 0.047 0.85 0.083 0.21 0.063 0.94 p.65 1.5 2.1 0.91 9.723 7.306 
2-Nov·95 43.5 0.26 0.14 0.07 0.16 0.26 ND' 0.076 0.8 0.089 0.4 0.11 1.4 0.65 2. 3.1 1.4 0.966 9.949 
24·0ct·95 0.2 0.41 0.66 ND" 0.61 0.64 ND" 0.75 ND" ND" ND' 1. 0.71 ND' 1 ND aND· 1. 3.07 2.71 

951024·MI-02 2708-8039 24-0ct·95 3.5 0.91 1.5 0.74 1.7 1.3 0.4 1.8 ND b ND b ND b 2.3 0.79 ND biND b ND b 1.4 8.35 4.49 
I 951024-MI-06 2708-S039 24·0ct-95 23.5 ND" ND" ND" ND" ND" ND· ND" ND" ND" 0.19 ND' 0.032 ND' ND" 0.15 0.089 ND 0.461 - . I 
IMW.02-321 951106·M2-01 2708-S049 6-Nov-95 0.2 0.73 1.2 0.49 1.1 0.83 0.16 0.69 0.047 0.083 0.14 1. 1.4 ND>0.P5 0.053 0.57 1.8 5.2 5.093 
I 951106·M2-06 2708·S049 6-Nov-95 24.0 0.039 0.036 ND" 0.04 0.037 ND" ND· 0.2 ND" ND" ND" ND" ND" I 0.08 ND· ND" 0.152 0.28 

. I 
IMW-03-561 951101-M3-10 2708-S045 I-Nov-95 31.0 0.53 0.83 0.3 0.84 0.51 0.098 0.61 0.19 0.14 0.14 0.96 1.4 0.16 0.65 0.77 2. 3.718 6.41 

95110J-M3-13 2708-8046 1-Nov-95 38.0 ND" ND· ND· ND· ND· UD" ND· ND· ND" ND' ND' ND· ND' ND a IND aND" ND ND 
951101-M3-17 2708-S046 1-Nov-95 53.5 ND· ND· ND· ND· ND" ND" NIl· ND· ND" ND" ND" ND a ND" ND" ND" ND· ND ND 
951101-M3-18 2708-S046 1-Nov-95 53.5 (dup) ND" 0.044 ND" ND" ND· ND" Nn· ND" ND" ND" 0.04 0.031 ND' ND" ND" 0.042 0.044 0.113 

- . I 
IMW.04-571 951030-M4-01 2708-S043 30-0ct-95 0.2 10. 26. 10. 28. 15. 4. 21. ND>5.0 4.4 2.6 35. 12. ND>5.0 1.7 3.4 22. 114. 81.1 

951030·M4-06 2708-S043 30-0ct-95 25.5 190. 200. 68. 210. 180. 24. ND d 65. ND d 110. 190. 640. 49. 25. 480. 830. 872. 2,389. 

951030·M4-15 2708-S044 30-0ct-S5 57.0 ND" ND' ND" ND" ND' - ND" ND" 0.03 Nn· ND " ND· 0.053 ND" \ 0.08 0.033 0.067 ND 0.263 
MW-05-321 951027-M5-01 2708-S042 27·0ct-95 0.2 0.13 0.22 0.077 0.15 0.13 ND· 0.11 ND· ND" ND· 0.15 0.2 ND -" 1 ND" 0.073 0.19 0.817 0.613 

951027-M5-05 2708-S042 27-0ct-95 15.5 115. 170. 58. 208. 130. 25. 104. 19. 15. 41. 153. 330. 16. 8.1 113. 437. 810. 

951027-M5-07 2708-S042 27-0ct-95 21.5 0.067 0.039 ND" 0.051 0.085 ND· ND' ND" ND' 0.072 0.044 0.17 ND" " 
951027-M5-10 2708-S042 27·0ct·95 31.5 ND" ND" ND" ND" ND" ND· ND' ND" ND" ND· ND· ND' ND" IND· IND' IND" 

ND' 0.15 0.23 0.242 
ND 
ND 

1,389. 
0.108 

951107-M6-11 I 2708-S050 

MW-06-61\ 951107-M6-01 I 2708-S050 I 7-Nov-95 2.5 IND. IND' ND' ND" ND" ND' ND' ND " ND' ND " ND' ND· ND' 'ND· /ND. ND ' 
9~1107-M6.08 2708-S050 7-Nov-95 30.0 340. 170. 120. 190. 450. .25. • 94. 2,350. 25. 1,420. 130. 1,900. 99~. 3,650. 5,780. 2,980. 
951107-M6·10 2708-S050 7·Nov·95 38.5 0.042 ND' 0.066 ND· ND' 0.22 ND' 0.16 ND' 0.22 0.095 0.Q76 0.6 0.34 

ND' _ _ ND_' ND ' "I ND· ____ 0.056 ND_" IND 7-Nov-95 I 43.0 INIl· 
OnEQS61IClt;ariti6fk'VEiili/ . . 
EPA PRGJfritllidtistrlalS6iLa:.·· 

Note: DEQ = Oregon Department of EnvironmentaI Quality 
EPA = U.S. Environmental Protection Agency 
mg/kg = milligramslkilogram 
ND = Not detected above detection limit indicated 
PAIls = polynuclear aromatic hydrocarbons 
ppm = parts per million 

'/0;1. ··.·.·· .. ·.···'.0;1.<1.\0.1)1.··· •. ' 0.1 .·.·.1..0.1_'~;I2 .... 1t94?+~;()0(), •• ·HJ># ·.· .• · ..• ··.··.!dO;()()Q;HI)# .......••.•• , MOQ·/i •. ··,:?;OO(){ ·1·.?9..·.·· .. _L<_#>i_J~~OO():":.i_L.· •... 
>;2;61··f2'61 12M3 I> 0;261··.· .•. 7;21< 0~26HI:2;91rlll()i>I<# 1 .. 5;7 ·1>#127;2fiL190:Y <1240.·· ····1># IIO(f 

# = Reference level not established 
1 = 8ample number prefix: 2708· 
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045) 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
Bold = Detected above Reference Levels 

a = deteCtion limit is 0.05 mg/kg (ppm) 
b = detettion limit is 0.2 mg/kg (ppm) 
c = deteCtion limit is 1 mg/kg (ppm) 
d = detection limit is 100 mg/kg (ppm) 
e = dete¢tion limit is 0.5 mg/kg (ppm) 
f = detedtion limit is 0.7 mg/kg (ppm) 

.# 

#. 

I 

1,132.1 
0.666 

ND 
ND 

19,225. 
1.711 
0.056 

..•• # 

# 

Updated: 9122'98 RBE 
File Name: 2708-Gl Soil Quality Table 
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Table G-2 - Summary of Analytical Results for Soil Samples, P AHs by EPA Method 8270 (SIM) 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Project No. 2708 

PAlls by EPA Method 8270 (81M) 

boO 
I: . .: 
o 

.. p::) -'0. 
m·" 

MW-08-56 

c 
Q) 

..c 
S 
::s 

Z 
.Q) ....... 
0. 
S 

.. oS' ... m· 

~ 
.g 
B 
'" ;:I 
o .... 
o 
I: 
~; 
.0 
o· 

~aIytical~esllJts ... \. 
mgJkg('ppin) ..1 

. ·1» HNon~c~ciZ;:og~iricPAHs! Car(:inogenicPAHs .. 

- ~ ~.. 1 gj, .. ~ ~ . ~ ~ ••... 
~ Q) Q)..Q) "... .. Q) . 
.., ~ . .0.0 ~. >i.. .. I: . 

@ ~.... l § ~ f .... ~.. . Q) .i-... ...... · ... 1 
Q) ~.... -B... 8 8 ~ .! c%.. . ~ j . ..~ .. (j) .•... Q). ~ 
.., 0. I: • ::s ::s >. .d.. . • Q) .>. . Q) ,...; . .1: 1 I: Q) 
til Q) til· ..:: ..:: 0. til C'l. .0 .0 .... I: .~ . Q) .. ..• . Q). .. 

.~ ~. _.. _ _ _ Q). '-' ...... '.. .. .... .... Q) .. .0. it .. : Q) - .0 
. . .. . as. ... ~ ~ oS I: . . ·0 .'-' .. .0 .. .0 .... " . boO I'l . = .oS .., 

1 1 J IlJ !ll.JJill.JJI J 
.Q) . 

I: 

i. 
26.1 

0.71 

L 

951025-M8-01 
951025-M8-11 
951025-M8-15 

2708-8040 
2708-8040 
2708-8041 

25-0ct-95I 0.2 I 12. 39.6 13.8 41.7 20.5 9.1 46.2 ND>0.50 3.2 1.8 56.5 6.7 ND' i I 2.2 1.4 
25-0ct-95 44.0 0.17 0.12 0.053 0.15 0.21 ND' 0.08 0.74 0.3 0.22 0.13 0.6 i0.48 2.6 1.5 

25-0ct-95 55.0 ND' ND' ND' ND' ND' ND' ND' ND' ND' 0.057 ND' 0.065 ND' 1 0.31 0.11 0.1 IND 

MW-09-29l 951023-M9-01 
23-0ct-95 5.0 7.4 19.6 5. 14.4 13.3 2.7 16.1 0.12 1.3 2. 22.6 17.9 10.4 1.2 8.6 30.4 
23-0ct-95I 0.2 1.4 2.7 0.88 2.5 1.9 0.42 1.9 0.12 0.17 0.31 2.6 2.2 iO.055 0.0871 0.96 1 3.3 

23-0ct-95 11.5 0.028 0.035 ND' 0.032 0.041 ND' 0.027 ND' ND' 0.03 0.036 0.076 ND' ND' 0.096 0.12 

2708-8037 
2708-8037 
2708-8037 

951023-M9-04 
951023-M9-05 

MW-10-611 951108-M10-0112708-8052 8-Nov-95 0.2 6.7 11. 5.1 9.5 6.3 1.4 5. 0.83 ND a 1.7 6.7 11. 10.23 0.0811 3.3 I 9.9 
95110B-M10-02 2708-8052 8-Nov-95 0.2 (dup) 10. 17. 6.2 14. 7.5 2.2 7.2 1.1 ND' 1.1 9. 14. /0.36 0.13 5.2 12. 
951108-M10-09 2708-8052 8-Nov-95 28.0 ND ' ND ' ND • ND • ND • ND • ND • 0.038 ND' 0.038 ND • 0.078 ND' , 0.23 0.22 0.16 IND 

MW.12-361 951023-M12-01 2708-8037 23-0ct-95 0.2 8.5 15.3 5.2 13.3 12.3 2.2 8.7 1.5 0.23 2. 10.8 12.4 0.54 0.34 5.8 17.1 
951023-M12-06 2708-8038 23-0ct-95 22.0 ND' ND' ND' ND' 0.27 ND' ND' 0.34 ND' 0.99 ND' 0.97 0.4 0.23 4. 1.4 

~ 
p.. 

" ·a 
&l, 
o 
I: 

·5 .. 
oS 
o 
iii 
~< .. 

203.4 
0.783 

11.7 
78.5 

0.163 
45. 
64.1 

65.5 
0.27 

~ 
iii 
~. 
97.9 

7.28 
0.642 
9.802 

84.52 
0.358 

33.741 
42.89 

0.764 
50.71 

8.33 

951023-M12-07 2708-8038 23-0ct-95 26.5 ND' ND' ND' ND' ND' ND ' ND' ND' ND' ND' ND' ND ' ND' ND ' ND ' ND' ND ND 
GT-1 I 971117-001 2708-8054 17-Nov·97 3.0 0.27 0.5 0.16 0.58 0.25 ND' 0.48 ND' ND' ND' 1. 0.38 ND' ND' 0.06 0.66 2.24 2.1 

971117-004 2708-8054 17-Nov·97 10.5 ND r ND r ND r ND r ND r ND r ND r 1.4 ND r 0.97 ND r ND r /2.1 ND r ND r 1.7 ND 6.17 

971117-006 2708-8054 17-Nov-97 16.0 ND' ND' ND' ND a ND aND' ND' ND' ND' ND' ND' ND' ND' ND' ND' ND' ND 
971117-008 2708-8054 17-Nov·97 20.5 ND' ND' ND' ND' ND' ND' ND' ND' ND· ND' ND' ND' ND' ND' ND' ND' ND 
971117-011 2708-8054 17-Nov-97 35.5 ND' ND' ND' ND' ND· ND' ND' ND' ND' ND' ND a ND aND' ND' ND' ND' ND 

ND 
ND 
ND 

971117-012 2708-8054 17-Nov-97 3.5 ND· ND' ND' ND' ND' ND' ND' ND' ND' ND' 0.084 ND' ND'I ND' ND' ND a ND 
971117-017 2708-S055 17-Nov·97 15.5 ND' ND' ND' ND a ND' ND' ND' ND' ND aND' ND a ND aND' ND' ND' ND' ND IND 
971117-021 2708-S055 17-Nov-97 33.0 ND' ND' ND' ND' ND' ND' ND' ND' ND' ND' ND' NI)' ND' IND' ND' ND' ND ND 

GT-2 

GT-3 

GT-4 

971118-023 2708-8056 18-Nov-97 3.0 2.2 3.3 8.4 3.8 1.8 ND' 2.4 0.33 0.29 0.11 4.1 7.5 ND' 0.14 0.12 8.6 21.9 I 
971118-026 2708-8056 18-Nov-97 12.5 ND' ND' ND' ND' ND • ND' ND' ND' ND' ND' ND a 0.05 ND' , ND ' ND ' 0.049 ND 

971118-032 2708-S056 18-Nov·97 36.0 ND' ND' ND' ND' ND ' ND ' ND' ND' ND' ND' ND' ND ' ND' i ND ' ND' ND' ND 

971118-034 I 2708-S056 I 18-Nov-97 I 13.5 IND' IND' IND' IND a IND ' IND ' IND' IND' IND' IND' IND' IND ' IND' IND ' IND a IND ' 
ND 
ND 

971118-038 I 2708-8057 18-Nov-97 40.5 ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND • ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND ' 

6.0 ND' ND· ND' ND' ND' ND ' ND' ND' ND' ND' ND' ND • ND' ND ' ND" IND " 
10.0 ND " ND ' ND " ND " ND " ND " ND" ND ' ND • ND ' ND " ND ' ND' ND ' ND ' ND ' 
~~ ND' ND' ND' ND' ND' ND" ND' ND' ND' ND' ND' ND' NDa ND' ND' ND' 
18.0 0.09 0.071 ND' 0.061 0.12 ND' ND' ND' ND' ND' ND' 0.16 ND' 0.23 0.093 

24.5 ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND ' ND' 
ND' 

ND' 
ND' 

ND' 

ND' 
ND' IND' 

0.058 ND' 

0.17 

ND 
ND 

ND 

ND 
ND 

0.342 
I 

ND 

ND 
ND 
ND 
ND 
ND 

ND 

MW-13 1 971218-M13-02 2708-8058 
971218-M13-03 2708-8058 
971218-M13-04 2708-S058 
971218-M13-05 2708-8058 
97121B-M13-08 2708-8058 
971218-M13-10 2708-8058 
971218-M13-11 2708-S058 

18-Dec-97 
18-Dec-97 
18-Dec-97 
18-Dec-97 
18-Dec-97 
18-Dec-97 
18-Dec-97 

28.0 ND' ND' ND' ND' ND' ND' ND" ND' ND' ND' ND" 

31.0 ND' ND' ND' ND' ND' ND' IND ' IND' / IND ' IND' IND ' 
INn' ND_ '_ ND' I ND' ~NIL' ND' 

ND IND 
ND ND 

0.084 

21.19 
0.099 

0.653 

0.058 

ND' ND' NDa ND' ND' 
ND" IND" IND' IND' IND' 

IND" ND' Nn" ND' Nn' 971218-M13-17 I 2708-S059 I 18-Dec-97 I 57.0 
1< •••••. .#7T8,oo(j:I~iooO;;:.'3o~\1 .:#. "'1· ()~OO();/ '\ttl . . ... # H· O) ... ·.···1< Q4> •.. 1.\2,900 •.••• ·••• ... ·p--....•. #H\F20;00Q .. ··• <0.1 HHtO.l. ·.····.u\ .<().1·· ·:.'1 .·.0;1< I.····· 0.1 •.. bDEQSoilCI~ifuh~Lev:eis2 .... 

EPA PRG~foftridustnal sriiI 3 . 

Note: DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 
mglkg = milligramslkilogram 
ND = Not detected above detection limit indicated 
PARs = polynuclear aromatic hydrocarbons 
ppm = parts per million 

Updated: 9122198 RBE 
File Name: 2708-G 1 Soil Quality Table 

2.61 .• ··>2;6LI26;~31 Q:26 1 .. 7:2 •.. . 0.2612;6i>lil10,·\! ... .# .•..•.. J ... 5;7> 

# = Reference level not established 
1 = Sample number prefIX: 2708· 
2 = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122·045) 
3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
Bold = Detected above Reference Levels 

.# ......... 12'r;~51;J90J>.JH?40:u 1# . .II00~ . #1····· # 

a = deulction limit is 0.05 mglkg (ppm) 
b = detection limit is 0.2 mglkg (ppm) 
c = detection limit is 1 mglkg (ppm) 
d = deWction limit is 100 mglkg (ppm) 
e = deteftion limit is 0.5 mglkg (ppm) 
f = detection limit is 0.7 mglkg (ppm) 

-I 
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TABLE G-3 - Summary of Analytical Results for Soil Samples 
Phenols by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Pheliolsby~PAMethmI8270. 

hO 
.. J:: 

..... :.~~ " .. : 

c 
Q). 

. .0. 

~" 
Q). 

.0 
S 
::3 •.. 

Z 
>. 

"t::l 
·0 
~ .. 

::3 o 
S 

'. ::3 
....z ~" 

.J:: ..•. 

Q)' ..., 
'as 
t:l. 

.'p:j" l ..... ~ .••... I 

'0) 

~ 
1·' 
rn. 

B-03 1 950921-B3-05 1 2708-S007 21-Sep-95 

B-10 

B-13 

B-17 

B-18 

B-19 

B-19 

B-20 

B-22 

B-22 

B-23 

B-26 

B-27 

B-28 

B-28 

B-29 

B-30 

B-31 

B-33 

B-33 

950925-B10-0412708-S0131 25-Sep-95 

951006-B13-0312708-S0351 6-0ct-95 

950929-B17-0512708-S022129-Sep-95 

950919-B18-0512708-S003119-Sep-95 

950919-B19-0112708-S003119-sep-95 

950919-B19-03 2708-S004 19-5ep-95 

950929-B20-0312708-S0221 29-Sep-95 

951003-B22-0512708-S0271 3-0ct-95 

951003-B22-09 2708-S028 3-0ct-95 

951003-B23-081 2708-S029I 3-0ct-95 

951003-B26-0612708-S0301 4-0ct-95 
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ND>51 
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ND>51 
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ND 

ND 
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MW-04-57 951030-M~01 2708-8043 30-0ct-95 0.2 ND>51 ND>51 ND>51 ND>51 ND>99 ND>51 ND>51 ND>51 ND>51 ND>51 ND>51 ND>51 : ND>51 

I MW-04-57 951030-M4-06 2708-8043 30-0ct-95 25.5 ND>51 ND>51 ND>51 ND>51 ND>99 ND>51 ND>51 ND>51 ND>51 ND>51 ND>51 ND>51i ND>51 
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ND 

ND 

ND 

ND 

ObEQ' S()ilCI~iihti~ik;~Gi·· •. ······:···/ '1"'#1#:1< ITlif···I .... Irl)#IC .. #\1#'" #>I,Hstl<ifl> #''If .. ,# 
EPA PR& •• fbi.iridrisfriiisou:(\· > • 

Note: 

Updated: 9/22198 RBE 

DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 
mg/kg = milligrams/kilogram 
ND = Not detected above detection limit indicated 

#\\13$'7·I .• ~§44H-J ni?~62~F 1,363 ~ l/#J?~;O~~ "1<~A061'#.·\I# '. [2O:-43~\J?~9511.J9(l;QQ().J~8;l.g(3 •• IH)73>·' ...•... # .... 

1 = Sample number prefix: 2708-
• = Reference Levels are Soil Cleanup Levels in the Soil Cleanup Table (OAR 340-122-045) 
• = Heterence Levels are ~l'A .Kegion !ll'relunmary .Kemediation Uoals (l'HUs) tor lndustnal ::5011 

# = Reference level not established ! 
I 

File Name: 2708-G1 Soil Quality Table 
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TABLE G-4 - Summary of Analytical Results for Soil Samples 
Priority Pollutant Metals by EPA Methods 6010 and 7470 

Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Total Metals by EPA Method 6010 and 7470 
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3 1. . •.. : ••.•.. ~ •••. 
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i§ 
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21. ND>I~O 

L 
0.2 IND>1.0 

0.2 

10.5 ND>1.0 

16.0 ND>1.0 

I> 
6.6 I 

-. 

6.6 

21. 

14. 

4;9 

ND>1.0 

ND>1.0 

ND>1.0 

ND>1.0 

1.1 
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4.3 

3~ 6~ 

11. 80. 

12. 20. 

58. 

130. 

15. 

ND>O.lO 26. ND>llo 
I 

ND>O.lO 36. ND>1.0 

ND>0.10 31. ND>llo 
B-2 

B-3 
--
GT-l 

GT·2 

GT-3 

t: MW-lii 

10.5 

3.0 

10.5 

16.0 

20.5 

35.5 

3.5 

15.5 

33.0 

ND>I.0 
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ND>l.O 

7 •.. 
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,~ ~~-~ 6.0 

10.0 
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57.0 

·:hldustria1.MaximuniAIio~ableSoilbriIi~Jnt;rati()Ii2-§();()()(t·· .• :·2,000; 
. EPApRGsfo;:rrilii&tria1.Sbil 3 / ·~$;2~a.> ·'·:::!i()()()/ 

Note: ODEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 

1/ = Reference level not established I 
1 = Sample number prefix: 2708-
2 = Reference Levels based on Oregon Soil Cleanup Table (OAR 340-122-045) I 

ND>l.O 

ND>l.O 

ND>l.O 

ND>I.0 

mg/kg = milligrams/kilogram 
ND = not detected above detection limit indicated 
ppm = parts per million 

3 = Reference Levels are EPA Region 9 Preliminary Remediation Goals (PRGs) for Industrial Soil 
Bold and Shaded = Detected above Reference Level I 

PRGs = EPA Region 9 Preliminary Remediation Goals I 

Updated: 9122198 RBE 
Fi1e Name: 2708-Gl Soil Quality Table 
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Table H·l • Summary of Historical Analytical Results for Groundwater Samples. Monitoring- Wells. December 1995 to Present 
BTEX, Total PABs. Total Phenols. and Cyanide 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

'(N~~~) I>_~;l~, •..••.•• ,>/ 
i/

J 

•. :: .••..•.•• 
I '.IL ·O[d ..• / 

>iJ'~U~; : .... 
1< ....... :: •..•. :. 'X .••• 

MWOl-22 951207-MWI-22-01 
960319-MWl-22-01 
9G061S-MWl-22-01 
9GlO01-MWl-22-01 
970225-MWI-22-01 

970225-MWl-22-02 
970827-MWl-22-01 
970827-MWl-22-02 
980217-MWl-22-01 
980602-MWl-32-11 

MW02-32 951206-MW2-32-01 
96031S-MW2-32-01 
960G1S-MW2-32-01 
961001-MW2-32-01 
970225-MW2-32-01 
970827-MW2-32-01 
980217-MW2-32-01 
980601-MW2-32-05 

MW03-26 951206-MW3-26-01 
960318-MW3-26-02 
960618-MW3-26-01 
961001-MW3-26-01 
970225-MW3-26-01 
970B27-MW3-26-01 

9B0217-MW3-26-01 

980602-MW3-26-09 
MW03-56 951206-MW3-56-01 

960319-MW3-56-01 
960620-MW3-56-01 
961002-MW3-56-01 
970226-MW3-56-01 
970828-MW3-56-01 
980218-MW3-56-01 
980218-MW3-56-02 
980602-MW3-56-14 
980602-MW3-56-15 

•••••••• %~~:;\ 
I· •• • •• • •• pa~ ••••••••••• ':":.' NiUn.ber •.••.••.. 

[: .••. <) .. '" 

2708-WOll 7-Dec-95 
2708-W014 19-Mar-96 
2708-W018 18-Jun-96 
2708-W021 1-0ct-96 
2708-W024 25-Feb-97 
2708-W024 25-Feb-97 
2708-W027 27-Aug-97 
2708-W027 27-Aug-97 
2708-W030 17-Feb-98 
2708-W033 2-Jun-9S 
2708-W010 G-Dec-95 
270B-W013 1B-Mar-96 
270B-W01S 18-Jun-96 
270B-W021 1-0ct-96 
270B-W024 25-Feb-97 
2708-W027 27-Aug-97 
2708-W030 17-Feb-98 
2708-W032 I-Jun-98 
2708-W010 6-Dec-95 
2708-W013 18-Mar-96 
270B-W018 18-Jun-96 
2708-W021 1-0c1-96 
2708-W024 25-Feb-97 
2708-W027 27-Aug-97 
2708-W030 17-F_b-9S 
2708-W033 2-Jun-98 
2708-W010 6-D_c-95 
2708-W014 19-Mar-96 
2708-W019 20-Jun-96 
2708-W022 2-0ct-96 
2708-W025 26-Feb-97 
2708-W028 2B-Aug-97 
2708-W031 18-Feb-98 
2708-W031 1B-Feb-98 
2708-W033 2-Jun·98 
2708-W033 2-Jun-98 

EF'A MaXimUm Containinaiit. LE;vels(MCLiI) (or DriiikingWater . --J> 
EPARegioii 9preliriiiilli.iiReD)edi~tioii Goals (PRGii) ToiTapWater •••..•• .•.• • .••• 

DEQ Airibient Wiiter Qiiil1itycrii~n~(AWQC)for.Sutface Water' ..••. ) < ". 

Updated: 9/24/98 RBE 
File Name: • 2708-H GW Results (Master) 

Project No. 2708 

":<: ........ .... "':'. : ·AnillvtlclirResultii. . ... c-c:- .• 

>«< ....... EPAMethod8q20 EPAMethodS270SIM EPAMethod8270 EPA Method 9010 EPA,~ethOd901 
.••.• : .. ': .•.•••... .: .. :.:... " ... ' ug/l(jJjJb) .•••. I .. :ug/l (ppb) nidi (ppb) mg/l (ppm) m (ppm) • 

.B~i.;l)~>Toltie;'e ··bEthyl.. Xyienes .... :;~~ Car~A~rnicTota1PAHs Total Phenols Total Cyanide Amenable Cyanide : .... -:.: .. :-... -: ................ ; ::-. :-. . enzene .. '. . s· .... . . 

I ..• : :·i.:.i.l.:.,:·l;:~:.:.:.~ 2. 1.S 3.2 20. 1< ":':: 93;4:'" 465.3 1.08 

3.5 2.3 23. 32.3 '4;71 140.45 .0.86 

I.;.i;.:.::.!.: •. :.;.~::;.i.! •. 9.5 3.2 15. 30.1 .• ;'l!:2 112. 1;91 

9. 7.7 72. 97.2 '6.2 720.17 .5.7 
1·;:·>i;:(~·2· •• ';· 1.7 ND>0.5 8.5 13.4 (J.91 67. 1.24 

,'Ii 
1.6 0.7 11. 14.8 I: .2.2 64. 
8.2 6.9 62. 84.6 

.. 

20 •. 988.2 11 •. 
1 7.4 6.2 55. 75.3 28.1 737.5 .. 10. 

ND>0.5 ND>0.5 ND>0.5 1.6 1.6 4.45 . 23.23 0.34' ND>O.Ol 
ND>O.5 ND>0.5 ND>0.5 ND>1.5 ND ···.93. 209. 0.46 0.045 

. 6.: . ND>0.5 4.2 2.4 12.6 ND 51.55 0.353 
ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND NO 4.54 0:26 
ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 2.6 0.44 
ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 10.53 .0.22 . 

ND>0.5 ND>0.5 NO>0.5 NO>0.5 ND ND 1.6 0.16 
ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND I .0;2 18.04 '.' 0.28 
ND>0.5 ND>0.5 ND>0.5 ND>I.5 ND ND 5.02 0.16 ND>O.Ol 
ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND ND 3.2 0.26; ND>O.OI 

.... ~:~~.; ........ 0.98 0.65 1.4 33.03 T 21.04. 85.24 
,1.300 •.• 5. 2.2 5.6 1,312.8 ·1;71 42.39 0.27 

·~.3()0.; 22. ND>lO 27. 2,349. 2.6 . 4B. 0;25 
0;55 0.95 ND>0.5 2.4 3.9 182 •.• 334. .0.34 

[ .•• 130.: '.' ND>0.5 ND>0.5 ND>0.5 130. ,4:9 11.9 0.28 
ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND .. '27.6 53.2 2;3 

'2;' •. ND>0.5 ND>0.5 ND>1.5 2. 7.97. 13.45 0,5. ND>O.OI 
ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND .-" :100. 204. 0.76 ND>O.OI 
•••• 1.~00.·.···· 24. 34. 90. 1,348. 2.69 1,384.75 ND 

730," 16. 27. 66. 839. 2jl4 1,926.62 0.19 

73~; ..•.. 7.1 26. 73. 836.1 1.6 1,491. 0.08 
450. ND>5 11. 27. 488. 0.54. 938. .0.094 
750 •.• ND>5 ND>5 ND>5 750. 0,62 618. 0.13 

.'340> . 0.9 2.5 11. 354.4 0.82 195.52 0.11 
c·; .. ·• .... 

0.89 2 .. 9 15. 538.79 0.58 129.58 0;16 ND>O.Ol .520. 
520. 1.1 4. 19. 544.1 0,46 155.56 
580. 25. ND>lO ND>30 605. 25_ 316. 0.15 ND>O.OI 

"630. ND>lO ND>10 ND>30 630. 24. 306. 
5. I". 1,000. 70.0. . 10;000.. # .# #. # .. 0.2 # 
0.39 • .. 723. '1,340. 1,431. #. # I # . # # 0.73 

"4n' 4?4·' 14nn' '--~-- ~ 
# 

-- _ 0..0.31 p:::- # .•• :. # nom;? # 

Hahn and Aasociatea, Inc. 
Page 10f4 
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Table H·l • Summary of Historical Analytical Results for Groundwater Samples· Monitoring Wells, December 1995 to Present 
BTEX, Total PADs, Total Phenols, and Cyanide 
Remedial Investigation 
NorthwestNatural· Gasco Facility 
Portland, Oregon 

AnalVticill.Results· 

~. _____ .:J 

Project No. 2708 

~~eer .....•.. ) ..... S:J~e 
••..••.•.•.•••...•.•.... . ..•.••.•.•.•..••.•• · .. · .•• ·.·Ntimber.' 

. Custody .•••.•.•..•••••• Date •••• "" .. i>f'~""''''--
••.••••••• N8be~~, ••.••. ••••.••• L;.,.· .......... I-'--...,.;...,.,;.--.------.--="=:-:-"'i= i;~ 

EPA MeUiod 8270 SIM 
iig{l (jJpb) 

EPA Method 82701 EPA Method 90101 EPA Method 901 
uidl (ppb) mgll (ppm) mgll (ppm) 

F······· ..... . 
MWQ4.35 

MW04-57 

951206·MW4·35·01 270S·WOI0 6-Dec·95 ND>0.5 ND>0.5 0.54 
960316-MW4·35·01 270S·W013 0.96 ND>0.5 1.3 19.26 
960316-MW4·35·02 270S·W013 0.S2 ND>0.5 2.1 20.92 
96061S·MW4·35·01 2708·W01S lS-Jun·96 ND>0.5 0.61 6.51 
961001·MW4·35·01 2708·W021 1·0ct·96 ND>0.5 1.4 7.3 

Carcinogenic 
PAH. 

0.69 
iU8 
2.41 
2;ii 

i.7 
970225·MW4·35·01 270S·W024 25·Feb-97 ND>0.5 ND>0.5 14. . 0.41 

980827.MW4.57.01' 270S·W027 27·Aug·97 ND>0.5 1.7 10.50;53 

Total PAHs 

54.49 
84.4 
79.1 

. Total Phenol~ 

61. ND 
42.33 ND 
46. ND 
36.26 ND 
31.85 ND 980217·MW4·35·01 270S·W030 17·Feb·98 ND>O.5 ND>1.5 15.~.2~ 

980601·MW4·35·06 270S·W032 1·Jun·98 ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND .0;48 : I 44. 
951205·MW4·57·01 270S·W009 5·Dec·95:·l};(l®i':" 72. 590. 290. 10,552. ·1;73' 1,328.27 
960321·MW4·57·01 270S·W016 21·Mar·96 :,.iJi;opoi:' L 

ND>50 520. 270. 11,790. 2:29 1,097.76 
960620-MW4·57·01 270S·W019 2O-Jun·96 :,:'io;OIlo;.·' ND>200 4S0. ND>200 10,480.1.4 646. 2.8 

I 

Total Cyanide' Amenable· 
Cvariide 

0.07.9 
0.35 

0 •. 46 
0.75 
0.39 
.O.S 
0.36IND>0.01 
0,29 
us 

'. 0.03 

.• 0:118 
I." 

0.017 

961002·MW4·57·01 270S·W022 2·0ct-96 ,"14,000."" ND>100 580. 400. 14,980.0.64 1,707. 29. 
970226·MW4·57·01 270S·W025 26-Feb.97i~;@Q;;:; 34. 630. 130. 16,794. "0,52 1,688. 4.8 .1;52. 

97082S.MW4.35.01· 270S·W028 26-Aug·97 ,ii~;tiiiO.'.' ND>50 360. ND>150 12,360. • .•. 0.44 1,691.74 4.6 2; , 
980218·MW4·57·01 2708·W031 18·Feb·98 l.,lli,S,i>Il;i::;. 35. 530. 240. 16,405. . •. ~,.28 2,357.88 47. . '.2.:" .J' ND>0.05 

I 980603·MW4·57·1S 2708·W034 3-Jun.98·10,100;·, 58. 540. 170. 10,868. 0.77 2,299. . 1.9_Q..l!Q!,,8
L
' ___ _ 

MW05·32 951205·MW5.32·01 2708·W009 5·Dec·95 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND'7:59 207.69 ,0;10 
960319-MW5·32·01 2708·W014 19·Mar·96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ",.29.81 268.91 
96031~.MW5.32.01 2708.W014 19.Mar·96 ND . .... . 45. 

(dissolved) 
960620·MW5·32·01 270S·W019 20-Jun·96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND 14. 83. 
961001·MW5·32·01 270S·W021 1·0ct-96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND277; 773. 
970225-MW5-32·01 270S·W024 25·Feb-97 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ;,:i. ": 9.7 
970827·MW5·32·01 270S·W027 27·Aug·97 ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND .: 19k 24.3 
980217·MW5·32·01 270S·W030 17·Feb·9S ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND 3;23 7.57 
9B0602·MW5·32·10 270S·W033 2-Jun·98 ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND 36.. 95. 

MW06-32 951207·MW6-32·01 270S·WOll 7.Dec·95:, 3;000, 150. .960. 740. 4,850. 7,470", 199,570. IND 
960319·MW6·32·01 270S·W014 19.Mar·96;: ,:' 640;, 22. 400. 270. 1,332. ' 6:56 2,346.46 
96031~.MW6.32.01 270S.W014 19.Mar.96· .. ' ND 1940. 

(diasolved) , 
960617·MW6·32·01 2708·W017 17-Jun·96 40. 280. 410. 1,140. . 16.. 1,878. 
960930·MW6·32·01 2708·W020 30·Sep-96 34. 470. 320. 1,924. 203.5 4,757.7 
970224·MW6·32·01 270S·W023 25·Feb-97 ,e. 22. 370. 80. 1,572. ND 1,308. 
970826·MW6-32·01 2708·W026 26-Aug·97 ,';; 27. 420. 280. 1,927. . 15; 2,069.65 
980216-MW6-32·01 270S·W029 16·Feb-98 650. ND>750 2,350. 161,9 3,554.2 
9S0601·MW6-32·04 270S·W032 1-Jun·98 300. 190. 1,722. 20.' 2,245. 

MW06-61 951206·MW6-61·01 270S·WOIO 6-Dec·95 0.71 8.9 ---5.8 22.11 8.17. 744.89 IND 
960319·MW6·61·01 270S·W014 0.68 9.2 5.3 26.18 . , 3,29 196.96 
960620-MW6·61·01 2708·W019 20-Jun·96 6. 3.3 17.7' ~;3 139. 
961001·MW6·61·01 270S·W021 1·Qct·96 16. 8. 44.93 • 3.8 152.9 
970225·MW6·61·01 270S·W024 25·Feb·97 6.1 79. 41. 20S.1 ND 365. 
970826-MW6·61·01 270S·W028 28-Aug·97 11. 180. 120. 441.4.88 1,451.5 

EPAr.IlIliimWnContaiirii14ri~1,A!vhlB.(MCL8)flir.Iliiiikiiig\Vate"}>: .......... , •. ·<·.5~.·.1:-1,OOO.··· I' .·.·700 .. ' 1'10,000.· ·1·' '#'.' . # .. ' I." .. # .•... '# 
EPAltegiiin 9.p;;'limiruiiYReme(liiltioriGoa!ii(~R<l8) for.Tap Wiiterl 0.39\ .723. 1,340. .1;431. • #. # # # 
DEQ·Ambierit Wilter QuhlityCriteria (AWQC)i'cirSUi'fQceW~tei" •. • f< 4o.14?.t 3. UOO 3 # # 1 0 o~1i # # 

UpdatAld: 9/25/98 RBE 
File Name: • 2708·H GW Results (Master) 

# 

0.11 

0.05 
0.14 
0:i1 
0.14 
0.17 IND>O.Ol 
0.18 
0.091 
0.21 

0.23 
.0.02 

0.22 
0.15 
0.18 ·IND>o.Ol 
0.1 ND>O.Ol 

.' .0.22S 
0.2S· 

. 0.27 

0.3 
.0.35 

0.41 
0.2 I # 

ooo~21 # 

0.038 

0.73 

Hahn Bnd Aaaociates. Inc. 
Page 2 of4 
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Table H-1 • Summary of Historical Analytical Results for Groundwater Samples· Monitoring- Wells, December 1995 to Present 
BTEX, Total PAlls, Total Phenols, and Cyanide 
Remedial Investigation 
Northwest Natw-al· Gasco Facility 
Portland, Oregon Project No. 270S 

.~~~~. ~~0~~.~.·~~~~~--~~~~~~~-~~-~~~+~~~~~~~~~~-~~~~~~~=~=-+~~~~~~ 
MW08-29 951207-MW8-29-01 2708-WOll 7-Dec-95 ·"2,1()~;'· 1T·510. 200. 320. 3,130. 315; 7,6BS. I 114. I 3.11 

960321-MWB-29-01 270B-W016 21-Mar-96 1,700. 3BO. 170. 400. 2,650. 143.7 7,S79.7 2,4 
960619-MWS-29-01 270B-W019 20-Jun-96 .' 5.4 2,OS7. 

960619-MWS-29-02 270B·W019 20-Jun·96 ,1,300. 310. 170. 3S0. 2.160. 13. 2,166. 10. 
961002-MWB-29-01 270S-W022 2-0ct-96770:" 210. 130. 270. l,3S0. 25.9 6,OB6.4 ND 0.524 
970226-MW8-29-01 270S-W025 26-Feb-97 860." 200. 150. 250. 1,460. 10. 6,204. 100. 1.46. 
970B2S-MWB-29-01 270B-W02B 2B-Aug-97 390, 130. 110. 190. 820. 171.7. 11,712.7 36. 3.4 
9S021B-MWB-29-01 270B-W031 1B-Feb-9B 620. 220. 170. 250. 1,260. 22.19, 11,760.19 ND 2.6 IND>O.Ol 

, 9S0603-MW8·29·19 2708·W034 3-Jun·98 .700. .. 320. 250. 310. 1,580. 196. 12,407. 4.9 0.022 
MWOS-56 I 951207·MW8-56·01 2708·W011 7·Dec·95 .1~,OOO,'... 1,700. .' 850. 1,300. 16,B50. 156. 21,200. 0.582 

960321·MW8-56·01 2708·W016 21-Mar-96 '.17;000... ,820. . 730. 1,600. 20,150. 361;1 15,50Ll 0.54 

960620·MWB-58-01' 270B-W019 20-Jun·96 'ji;~W:':; .. ,650. '.' .' 740; 1,100. 19,490. . 35., 1,769. . .0 .• 31 
961002·MW8-56-01 270B·W022 2.0ct.96;20;~qW: T' 690; . 900~ 1,800, 23,390. 114. 11,742. 
970226·MWB·56-01 270B-W025 26-Feb·97 19,OO().' '; 630. ';' 820. 1,100. 21,550. ND 13,692. 0.7 
970B2B·MWB·56-01 270B-W02B 2B·Aug·97 '17,000. 350. 510. B1O. 1B,670. 20. 1B,141. 0,66 

9S021S·MW8-56-01 270S·W031 18'Feb.9s~o,20. 0.: 410. 740. 1,100. 22,450. IUB 12,944.SB ,O;74 IND>0.01 
9B0603-MWB-56·21 270B·W034 3·Jun-9B . 17,90(J, . 470. 940. 1,300. 20,610. 68. 17,720. 0.77 001B , 
951205-MW9·29·01 2708·W009 5-Dec-95 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 1.29 MW09-29 

96031B-MW9-29·01 270B-W013 1S-Mar·96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 1.6 
96061B·MW9-29·01 270B-W01B 1S-Jun·96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 0.15 
961001·MW9-29·01 270S-W021 1·0ct-96 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND 0.4 
970225·MW9·29-01 270B-W024 25·Feb·97 ND>0.5 ND>0.5 ND>0.5 ND>0.5 ND ND ND 

ND>O.Ol 
ND>O.Ol 

970B27·MW9·29·01 270S·W027 27·Aug·97 ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND ND ND ND>0.02 
980217·MW9-29-01 2708-W030 17·Feb·9S ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND ND ND ND>0.02 

O.OH 
0.01 

980602·MW9-29-07 270B-W033 2·Jun·9S ND>0.5 ND>0.5 ND>0.5 ND>1.5 ND ND ND ND>0.02 
I MW10·25 I 951207·MW1O·25-01 270S-WOll 7-Dec-95'120,OOO;:' /42,()00; 2,000: ,9,200, 173,200. 18. 13,316.5 2,560:-- --.----

960320-MW1O·25·01 270B-W015 20.Mar.96,#;OQO: : 38,000.3,100. .i3,OOO. B6,100.5.9 9,126.31 2,690. 0.Q7 
960617·MWlO·25·01 270B-W017 17-Jun·96 ;:2,~,oo~"i3~;000, '.: 2,500. . 8!600, .. 71,100. .6.8 10,266. l,B20. ND>O.OI 
960930·MW1O-25·01 2708-W020 30-Sep·96 :'. '17;000;:':' ~,OOO: .' ND>200 I··: 4,500~ "26,500. ,7S.6 10,529.5 4,350. 0.204 
970224·MW1O-25-01 2708-W023 25·Feb·97 n80,OOO;:: 54;000. 1;300. '6,800~' " 242,100.74; 9,841. ND>5,OOO 0.01 
970S27-MWI0-25-01 270S-W027 27·Aug·97 l~~,OOO: "j 54,O(j0. :B50~ .. [6,000. 22B,850. '19.6 7,047.1 2,960. 
9S0216·MWI0-25·01 270B-W029 16·Feb·98 186,0. OO~, . 51;100. 8BO. 6,500, 244,480.5B.l 9,165.2 2,620. IND>0.02 

, 980601·MW10·25·02 2708·W032 1-Jun-98. 93,SOO", 30,900. 670. 3,900. 129,270. 35. 12,162. 0.21 
MWIO·61 I 951206·MWI0·61-01 2708-WOIO 6-Dec·95 .'.75,:· . 130. 26. 110. 341. "·0.72 829.72 ND 

960321·MW1O-61·01 270S-W016 21-Mar.96'.: ':4;1 1.6 2.9 B.5 17.1 2.55 
960620·MW10·61·01 270S-W019 20·Jun-96 0.9 ND>0.5 1.1 1.7 3.7 ,2 •. 
960930-MWIO-61·01 270B-W022 2·0ct-96 "0,56 ND>0.5 0.69 1.1 '2.35 . 1.5." 
970226·MW10-61-01 270B·W025 26·Feb-97 ND>0.5 
97082S-MWI0-61-01 2708·W028 28-Aug-97 ND>0.5 
98021S-MWIO-61·01 2708-W031 1B-Feb·98 ND>0.5 
980603-MWI0-61·16 2708-W034 3-Jun·98 ND>0.5 

EPAMaxiaiilm CoiltaniliUiiit I;eve!B(MCLi!l for Drinking Wite" c:. :c·· .. " 5 .. ' 
EPA Region!l~iininaryRemediatiori Go8J8(~RG8lfor'l'apW&ter . : ... ..1. c .. '0;39 
DEQ Anibi.liiWiilAlr Qiia!it}iCriieria(AWQC) for Simaii;jw"t:ei" ., .' C,' .iO." 

ND>0.5 
ND>0.5 
ND>0.5 
ND>0.5 

1,000. 
723. 

424.' 

ND>0.5 
ND>0.5 
ND>0.5 
ND>0.5 

700. 
1,340. 

·1.400" 

ND>0.5 ND 1; : 
ND>1.5 ND 0.39 
ND>1.5 ND 0:4 
ND>1.5 ND 1.6 

10,000. # # 
1,431.. It #. 

# It ·o.o:n 

102.43 

46. IND 
25.15 ND 
lB. 

7.
76

1
ND 

3.B ND 
6.2 

It. 
It 

/I 

B.4 

# 
# 

# 

ND>O.OI 
ND>O.Ol 
ND>O.OI 
ND>O.Ol 
ND>0.02 
ND>0.02 
ND>0.02 

# 

0.2 

0.0052 

# 
0.73 

# 

Updated: 9/24198 RBE 
File Name: • 2708·H GW R""uJts (Master) Hahn and Associates, Inc. 
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Table H·l • Summary of Historical Analytical Results for Groundwater Samples· Monitoring Wells, December 1995 to Present 
BTEX, Total PAIls, Total Phenols, and Cyanide 
Remedial Investigation 
Northwest Natural· Gasco Facility 
Portland, Oregon Project No. 2708 

..' Chaino! . Siunjlle Anal leal Results 
I ~~~Z·]:7S::le. CtiiltOdyDilt{ EPA Method 8270 SIM EPA Melllod 8270 EPA Melllod 9010 EPA Melllod 901 

NUnib~? Ntimjje~ .. . . "gil! b) u (b) ( m) ( m) 

. I ~~~~ Car~~:iUc. Total PAHs Total Phenols Total Cyanide Amenable CyaiUd, 

MW11·32 

MW12·36 

MW·13·30 

951207·MWll-32·01 

960320·MWll·32·01 

960617·MWll-32·01 

960930·MWll-32-01 

960930·MWH·S2·02 
970224·MWll·32·01 

970S26·MWll·32·01 

9S0216-MWH-S2·01 

9S0601·MWll-32-03 

Temporary Wen Point Samples 1995 

270S·WOll 7·Dec-95 

270S-W015 20·Mar·96 

2708·W017 17·Jun·96 
270S·W020 SO·Sep·96 

270S-W020 30·Sep-96 

270S·W023 25·Feb·97 

270S-W026 26·Aug·97 

270S·W029 16-Feb-9S 

270S·W032 1·Jun-98 

2708·WOll 7-Dec-95 

2708·W016 21·Mar-96 

270S·W019 20-Jun-96 

2708·W022 2-0ct-96 

2708·W025 26·Feb·97 

270S·W02S 28-Aug·97 

2708-W031 18·Feb-98 

270S-W034 3-Jun·9S 

270S·W030 17·Feb-9! 
270S·W033 
270S-W031 
270S-W033 I 2-Jun-98 

·25;000;; :. 5;400. I 4S0. '2.800. 

'24;000; •• '4,300. I 970. 2.400. 
•. ' ' .• 2,800. •.... ..2,000.' I 1,000. 

'17,b~~;' .' 3;300. I 900; " 
1,940. 
1.760. 

:.~~1;~i:':.: '. 
I 4,100 •• 750, '. 1,800. 

.4,400 •. I:'~~~:""" 2,500. 

;t~~~: .' 2,100; 

- 16,8()0~·.' I." 810, • 1,800;, 

'<"'-'<".95;"',.,.- 410. 170. 590. 
-,::170.'" 180. 110. 550. 

·>:··~~f.······ 250. 120. 440. 

390. 130. 510. 

~:ci:': 
310. 120. 470. 

430. 110. 430. 

.·11°~ ' .. 370. 82. 2S0. 

": 150~'·' 350. 74. 340. 

.:;:::~:., ND>50 370. ND>150 
13. 3S0. 120. 

ND>0.5 ND>0.5 ND>O,5 ND>1.5 

ND>0.5 ND>0.5 ND>0.5 ND>1.5 

B·Ol at 23' I 950921-BWl-Ol 2708-W003 I 21·Sep·95 I :' 6~91 2.5 I 3.1 56. 

1.4 ------'- .. ---£ 2708-W005 29.sep.95IND>0.5 I 0.97 IND>0.5 
2708·WOOI 18·Sep-95 ND>0.5 ---0.as/ND>0.-5 --/-o.ss 

B-05 at 28' 950925-BW05-01 

B·08 at 20' 95091S·BWB-01 

B-19 at 13' 950920-BWI9·01 270S-W002 I 20-Sep-95 

B·19 at 2S' 950920·BWI9·02 2708·W002 I 20-Sep-95 

B-21 at 19.5' 951003·BW21·01 270S·W006 I 3-0ct-95 

B·31 at 29' 950925·BW31·01 270S·W004 I 25-Sep-95 
EPA MiWiiiWii Cqntairiiiiilitt:I;i)vels(MCLS) for DriiU<irigWaier •.•••.•.. .'.1 
EPA~i:ion 9Prelimiru!iYRemediaticinGo~.(PRG~)fii~ TajiWaiei.··· 

DEQ AiilbientW"t<;""Qi1i>IitycCriteria(AWQC) for Swf~~ Water"· .'. 

Note: BTEX c benzene, toluene, ethylbenzene, and xylenes 
DEQ ~ Oregon Department of Environmental Quality 
EPA", U.s. Environmental Protection Agency 

1 '" Sample number prefix: 2708· 

100,000. 39,000. 1,600. 11,000. 
-

ND>0.5 1.2 1.9 3.3 
3. 1.6 10. 13. 

..... ',.5;" 1,000. 700. 10,000 . 

.0.39 723. 1,340. l,43l. 

40"" 424.' 1400.' # 

mW! = milligrams/liter 
ND =: not detected above detection limit indicated 
PAHe = polynuclear aromatic hydrocarbons 

27,650. 

23,000. 

19,430. 

23,410, 

1,265. 

1,010. 

1,060. 

1,360. 

1,160. 

1,200. 

S72. 

914. 
7,270. 
5,713. 

ND 

ND 

68.5 

2.37 IND 

1.71 

151,600. 

6.4 

27.6 

# 

# 
# 

6.33 

14. 
131.9 

189. 

H. 
20.~ .. 
15.9,' 

112. 

~.~5 
'0;3S' 

'·'0:8 

O.S 

. 0.94 

.0.67 

0.69 

0.09 

0.7 
2.93-

13.2S 
.#'" 

# 

,QJ)31 

ppb = part.. per billion 
ppm'" parta per million 
ugIl =: micrograms per liter 

22,365.2 
14,676.08 

11,608. 

17,603.9 

IS,894. 

11,536. 

17,075.8 

9,769.2 

32,376. 

3,377.55 

2,010.03 IND 

1,62l. 

1,375. 
l,OS3 . 

839.77 

708. 

697. 
426.1 

l,IS1. 
~ 
ND 

175.71 

34.78 

6,610.2 

726.25 ND 

694.5S 

#. 
#. 

# 

2,520. 
1,420. 0.24 

960. 0.19 

1,681. 0.249 

240. 0.22 

961. .0.17 

450. . 0.2 IND>O.OI 
.0.21 ND>O.Ol 

ND>O.OI 

ND>O.Ol 

ND>O.OI 

ND>O.Ol 

ND>0.02 

ND>0.02 

ND>0.02 
0;2S. ND>O.OI 

0.28 ND>O.OI 
0.14 ND>O.OI 

0.13 ND>O.OI 

7.S 

ND>O.~ ---1-
---~~---

164.5 

ND>0.02 

# .0.2 T 
# # I 
# 0.0052 ~ 

1# =: Reference Level not established 
Hold and shaded = Uetected above Lowest IdentJ.hed Keterence Level 

2 '" Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (OAR 340-41) based on Fresh Acute, Fresh Chronic (Aquatic Life Protection) and Fish Consumption (Human Health Protection) 
3 = Reference Level based on Aquatic Fresh Chronic Criteria of AWQC 
4 = Reference Level based on Human Fish Consumption Criteria of AWQC 
5 = Due to mislabeling in the field or due to laboratory misidentification, the laboratory report transposed results for MW4·35 and MW,4,57 in August 1997. Tables attribute data to the correct well. 
6 = Sample was analyzed outside of recommended holding time 
7 = PAH results for sample 960620·MW8·56-01 should be considered qualitative due to an apparent error concerning sample identity. 

# 
0.73 

# 

Uodated: 9/24/98 RBE 
File Name: • 2708·H GW Results (Master) 

Hahn and Associate8, Inc. 
Page 4 of 4 
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Table B-2 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells, December 1995 to Present· 
PAHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Project No. 2708 

Ili, ;;:., Y "."'. ...," i . Carelri,goni, pAli •• 

t: 
.. Q) 
'..c: 
~ 

-

'. . :I! . < "." 
Il. 
'0 

'·8-
~ o 
t: 
~u 

a 

I} "-:::"':::.:',-. 

'i>.~ 

11, (~:··;·I·j ijl Irrll,ll; ·:1· ···1 Jl.,.I;·i:'··;iJ, ~ ~il·· ! .'i::l .Q) 
•. t: 
'Q) .. s:,' . 

'Il. 

.Il. 

··jl ..•• ••••••· ••• ·~)·':·· 
MW01·22 

MW02-32 

MW03-26 

MW03·56 

951207.MW1.22.01 2708-WOll 7.0ec·95·4;~· ····/12.·32: 11. 2.6 52. 9.3 "::'., ... ,," 16. 39: 100. 68. 

4.6 

'9,1J~~J 465. 
'·.4.7. 960319.MW1.22.01 2708·W014 19·Mar.96 1.6 9.6 0.33 4.1 0.41 4.4 7.3 90. 15. 

960618.MW1.22.01 2708·W018 18...Jun·96 0.68 NO' 7.6 0.26 3.3 0.21 2.5 6.2 75. 12. 

961001.MW1.22.01 270S·W021 1-0ct-96 1.8 NOb NOb 55. 0.98 15. 0.99 7. 59.::,,'440§( 130. 

970225-MW1.22-01 270S-W024 25-Feb·97 0.3 NO' NO' 3.7 NO' 1.6 NO' 1.S 3.1 47. 6.5 

970225.MW1.22.02 270S-W024 25·Feb·97 0.31 0.64 NO "i:':'·O.L 3.2 NO' 1.6 0.13 2.1 2.9 44. 5.5 

970S27.MW1.22-01 270B-W027 27-Aug-97 1.4 3.9 4.8 NO b;,"?;~'!" 70. 1.6 16. 2.6 12. 75.:55~:t, 230. 

970S27.MW1.22-02 270B-W027 27-Aug-97 ,5.6 6.7 NO..::L][:~4 66. NO' 19. 3.8 14. 73. 359;' 170. 
.... .... . ........... , ... , ...... , f 

980217.MWl-22-01 270B-W030 17·Feb-98 .,.,.0.76 ... 0:98 ">,O;.~ •.• ·,'.;;:f~'1~ 1.2 NO' 1.5 0.58 2.7 1.4 4.7 3.5 
980602-MWl-32-11 2708-W033 2-Jun-98 ...• 6.7 ". H!. '<:.21;.,,«1;8 ./'.>:'9;6 3.3 0.89 14. 13. 25. 4.9 3.'3 23. 

951206-MW2-32.01 2708·W010 6-0ec·95 ND' NO' NO' ND' NO' ND' NO' 4. 0.29 0.28 NO' 0.48 0.32 45) 0.51 

960318.MW2.32.01 2708·W013 lS-Mar·96 NO' NO' NO' NO' NO' NO' NO' 4. 0.16 0.1 NO' NO' NO' NO·' I NO' 

96061S-MW2.32.01 2708·W018 18-Jun-96 NO' NO' NO' NO' NO' NO' NO' 1.5 0.23 0.15 NO' NO' 0.22' 0.p9 NO ' 

961001-MW2-32-01 2708-W021 1-0ct-96 NO' NO' NO' NO' NO' NO' NO' 8.4 0.14 0.16 0.1 0.12 0.23 0.22 

970225.MW2-32·01 2708-W024 25·Feb-97 NO' NO' NO' NO' NO' NO' NO' .. ,...... 1.1 NO' NO' NO' NO' 0.15 NO' ! NO' 
970827-MW2-32.01 2708·W027 27-Aug-97 NO' NO' NO' 0.1 NO' NO' .... ;d5;1 16. 0.17 0.19 0.14 NO' 0.21 0.>17 NO' 

9S0217-MW2-32-01 2708·W030 17-Feb-98 NO' NO' NO' NO' NO' NO' NO' 4.2 0.11 ND' NO' NO' 0.19 NO' I NO' 

951206.MW3-26.01 2708·W010 6-0ec·95 ,4;71.5 4.1 4.6 1.5 2.7 2.3 3.9 8.51 1.21 30.: 

960318.MW3.26-02 2708·W013 18-Mar-96 ",' 0.35 0.14 0.39 0.3 NO' 2.5 1.4 1.1 0.34 1.1 0.58 32., 

980601-MW2·32·05 2708-W032 1-Jun-98 ND' NO' ND' NO' ND' NO' NO' 2.2 NO' NO' NO' NO' 0.19 NO' ' NO' 

960618-MW3-26-01 2708-W018 18...Jun-96 0.170.56 0.55 NO' 5.5 2.6 1.5 0.42 1.3 

961001-MW3-26-01 270S-W021 1-0ct-96 12.':47. ·.30.;' NO' 9.5 NO' 34. 36. NO' 

970225-MW3-26-01 2708-W024 25·Feb-97 0.36U 0.59 NO' 0.79 0.32 0.1 1.1 1.2 

1.3 

0.18 

ND b 

30. 

10.1 
0.97 

0.23 

4.7 

0.36 

0.79 

8.6 

0.39 

1.4 

2.9 •• ,.2.2' 

6. ': .• 6.2: 
1.90JF 

2.5 

11. 

12. 

. 2.2 
"20~;·., 

.. 28.1 

3.21" ·4.5 
29.·93,1; 

0.67 ,'O~ 

0.28 ",'.:0 •. 
0.410;' ." 

0.93L '0. 

0.371. 
0.96 

0.52 

0.821 
9.4 

1.3 

0; 

'.0.2 

'·:0 •.. · 
,,0, 

.21; 

1.7 ....... -. 

1.9 •· .. 2.6 

54. ···.1~2.· 

1.9,.4.9' 

7.8 27.6 970S27-MW3-26.01 2708·W027 27-Aug·97 • .. .. •.. 2., ,.7~7 3.9 NOb 1.3 1.7 1.1 5.6 6.7 ND b 

::~~~~~::~~:~~~ ~~~:~:~:~ 127:u~::;i~5~:;~'::~!~"";1~·~44::':;i:;:;i!;~Kf.i ~:~8 ~:: ~:~4 2~:4 2~: ~:~71 ~::91 ~:!71 ~:3 ri:;'':':;9Jl~l 
951206.MW3.56.01 2708·W010 6-0ec~95',():a~ •• '0.41 0.85 NO' 51. 46. 8.1 0.36 7.8 19.!:j:)';2Q<l~I> 42. 7.8 ';";2.7; 

9603l9-MW3.56.01 2708-W014 19-Mar-96i:;-;h9.~::J'0.38 0.73 NO' 56. 70. 5.6 0.2S 6.1 25.;r.',[f;'ioQr· 53. 8.3 ... ' ••• ~~ 
960620-MW3-56-01 2708-W019 20-Jun.96""~.22 NO ,0.26 0.51 NO' 47. 56. 6.4 0.21 5.8 27·::.:'_~:,~~~1 ,39. S.l ·'.il;6 

961002.MW3.56-01 2708-W022 2·0ct-96 NO' NO' 0.27 NO' ND' 42. 62. 6. NO' 6.7 27.','·!':73Q4 58. 5.6""0.5' 

970226-MW3-56-01 270S-W025 26-Feb-97 ND' NO' 0.29 NO' ND' 42. 51. NO' ND' 3.2 21.:::'i440~l 53. 7.5"0;6 
970S28.MW3-56-01 270S·W028 28-Aug·97 . '0.13 0.28 NO ' NO' 21. 15. 7.3 NO' 7. 15. .. 85.\' 39. 5.4 ·;"·,().S 

I . ~ 

9S0218.MW3-56-01 2708-W031 18-Feb-98 NO' 0.2 NO' NO' 25. 14. 3.7 NO' 4.8 13. 22. 41. 5.5 0;1); 

9802lB-MW3-56-02 270S·W031 18-Feb-98, . ". NIl' . 0.2. NO' ~~_"_, 33. 17. 3.9 NO' 4.9 17. ' 26.1 48. 5.3. : ois 
9S0602.MW3.56.14 2708-W033 2-Jun-98:"F~;~1.7 '5,1 4.6 NO b·<.~tg;~ 57. 19. 12. 4.3 20. 28. 37. S6. 2S·24·5 •• 

140. 

112. 

720. 

67. 

64 . 

988. 

736 . 

23. 

209. 

51.6 

4.5 

2.6 

10.5 

1.6 

18. 

5. 

3.2 

85.2 

42.4 

47.9 

334. 

11.9 

53.2 

13.4 

204. 

1,385. 

1,927 . 

1,491. 

938. 

618. 

196. 

130. 

156. 

316. 

306. 2708. W033 2-Jun.9S::,';; ,.!.iI,/;: i.~' 5:3 4.5 NO b::.:i', :'~;~: 54. 18. 12. 4.3 19. 28. 32.! S6. 28.'24~ 980602-MW3-56-15 
~r~M"~liipi~c:on~~fuihil#t~v~ii(¥dL~)toiDI:iriking\y'~ti!i<l"rI>.jf .'·.··1.·· ..... "#" ·1· .. · · •. 2.~ •.....••. # •.••... · •• 1)#>.1 11<.1. ··.·.'#,1 < ··.f.jt.··.· .. :li<tf,<··.,I. (ft •• '·V/"# .,.(:'I·.r cit .iil) :# :·· .• J.·I>#' " ..... p ...... ti.n··l·· •• ··-··# .. ' · .. r. ···ii.:,. 
:E.fA1:k~~p.9PJ;eliiiliruiry~iriedialGriais(PRGs)f~rTap~ater.0;01 -~2' I>} M1< ,-0.09 '\ ...... 365 .... .·it-.. ·.··1 )1;825/ .··,3 '# ··ILi,4f3OJIG 243 / {F<.~43+ l,sirl······i82.i>I·· # 

DEQAkbien:t.wiiter;QiiiilityCriterik(AWQc)fcitS~aceWater'.··.·'·· .' ...;..,&;...;.;;.;..;.;.;.;;..;.;... 

Updated: 9t..l4l9a RBE 
File Name: * 2~08-H GW Results (Master) 

"'Ii 

"# ..#.... , ....•.... #. ····.·1 •..•. ·• •.• #\ ·1> ">11.520; ~F··-~#_:cl ••• ·.>#< •• ·I·.JE2 ., .. ,. -54/'F'#'/I(s2()·II.i.#>P·# .' ·••· •• ·1. _o.031·TT .••.••. # 
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Table H-2 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells, December 1995 to Present 
PAHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

PlUI!Jb*EPAMethod8270 (81M) 

-

-

.AnalYtical~sults 
•... ··.ugli«ppb) 

Project No. 270S 
-

--

I ".:,., 
.... Carcinogenic PAIls .. ' 

.. ,..... • ··1·.·· --

I "'1 
Non:.carcinogerucPAHs· 

I····· 

; 
•. .0 

E 
i 
J.J .. 

MW06-61 

".~ "§ av . .~ 
.. .~ 

ZA .... 
g € §f 

"<1)' 

d 
~ 
E 

..<:: 

§ 
~ :" . <:.:,S" . a Q) e "'~. '::I!=. ~ 

',iiii, .iii}.) <II 
951206-MW6-61-01 2708-W010 6-Dec-95 0.34 ••• '."0/13 3.4 ND" 

960319-MW6-61-01 270S-W014 19-Mar-96 0.13 '.'.'0.33 1.4 ND" 

960620-MW6-61-01 2708-W019 20-Jun-96 0.25)'·;0:5 1.5 ND" 

.Il) 
···d· 

..... ~ .. 
.~. 

I . 

~. Q). 

l·;l·.;.j 
...•• 0~31 160. I 1.4 I 29. 

ND" 29. 0.24 9.6 
. ·····J.:0:14 0.3 6.1 

~ 
d 
~ 

~ 
0. 
~ 

:§ 
'0 
N :. 
d· . 
.~ 

p:) 

0.32 

0.13 

0.21 

961001-MW6-61-01 2708-W021 1-0ct-96 ND h l.S ND h NDh 

21. 

16. 

32. 
ND h 

ND' 

4.S INDh 

MW08-29 

micro-purge 

MW08-56 

:~~:::~::~:~~~~ :~~:~~~:: :~:::~:~ '';'.0~66 ND' 0.23 ,t;T':'>"O:62 ND' 1.7 :: IND':o.l~ 
951207-MW8-29-01 2708-WOn 7-Dec-95 .' ·34;" .. •. S1. '50; '<'2S~ 

960321-MW8-29-01 2708-W016 21-Mar-96:.23. •· .. 31.. ···>;33~··~.9 ,·:';-<16;' 
960619-MW8-29-01 270S-W019 20-Jun-96 ....... '·'·;6:SSf'· .. i;1 . 1.2,.!j;:~;~j 
960619-MW8-29-02 270S-W019 20-Jun-96 <·3; •. 2.7 .........• .'i.s' 
961002-MWS-29-01 270S-W022 2-0ct-96.S.2: 4.S ND h····· • ai, 
970226-MW8-29-01 270S-W025 26-Feb-972; 2.7 ND b 

210. 

94. 

140. 

100. 

26. 

120. 

120. 

970828-MW8-29-01 2708-W028 2S-Aug-97 '39.<-38.':370:: 
980218-MW8-29-01 2708-W031 18-Feb-98 .. ~;9. . ... 4.1 . .i69,'~:3; . '34((' 

980603-MW8-29-19 2708-W034 3-Jun~984i;: 3.9; .. •. : •. :J.~. .·.r~j.;·<4iQ;': 
951207-MW8-56-01 270S-WOn 7-Dec-95 17. '.' ,30:.' ND ,,'--'F10; 130. 

960321-MWS-56-01 2708-W016 21-Mar-96 ... ;83;' ·.· •• ·:7;l;':::.~~::· 220. 

960620-MWS-56-01' 270S-W019 20-Jun-96 7.3 ...•. 0:S1 .' .• ··'4,3 2S. 

961002-MW8-56-01 270S-W022 2-0ct-96 <27..22; ND d '<:;~5~ 120. 

2.4 

200. 

260. 

310. 

49. 

240. 

·/:~5{j:·· .. 
230. 

110. 

130. 

250. 

300. 

4. 

17. 

no. 

56. 

15. 

5.1 

29. 

17. 

56. 

13. 

51. 

53. 

no. 

ND' 

NDb 

0.22 

36. 

23. 

O.SS 

2.3 

4.5 

25 . 

4. 

30. 

15. 

60. 

6. 

20. 

970226-MW8-56-01 2708-W025 26-Feb-97 ND>20 ND>20 120. 

66. 

230. 

240. 

240. 

220. 
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Table B-2 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring We1ls, December 1995 to Present 
PARs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Project No. 2708 
-

PAHs by EPA Method 8270 (81M) .AD8IyticIilRes~ts 
ug/l(ppb) 

"Non~c3rciriogenicPAHs . 

III I ·-'-'-····e::··· ···F> 
~. .' .~. . ... ~.... . ... ~ .. § . 

I I 
I .' ~~-'-'I d:' C:kiriogenlcPAH's···· 

'" 
~ 

. 1;; 

.0 

1;; 

S ;:I 
z 

... ~. 

MW10-25 

MWlO-61 

MWl1-32 

MW12-36 

MW-13-30 

MW-13-61 

.:; 
~ 
8 

';:1 

Z 
~ 

-a 
~ 

·m 
951207-MW10-25-01 

960320-MW10-25-01 

960617-MW10-25-01 

960930-MW10-25-01 

970224-MW10-25-01 

970827-MW10-25-01 

980216-MW10-25-01 

980601-MW10-25-02 

951206-MW10-61-01 

960321-MW10-61-01 

960620-MW10-61-01 

961002-MW10-61-0l 

970226-MWIO-61-01 

970828-MW10-61-01 

980218-MWIO-61-01 

980603-MW10-61-16 

951207-MWl1-32-01 

960320-MWl1-32-01 

960617-MWl1-32-01 

960930-MWl1-32-01 

960930-MWl1-32·02 

970224-MWl1-32-01 

970826-MWl1-32-01 

980216-MWl1-32-01 

980601-MWl1-32-03 

951207-MW12-36-01 

960321-MW12-36-01 

960620-MW12-36-01 

961002-MW12-36-01 

970226-MW12-36-01 

970B28-MW12-36-01 

980218-MW12-36-01 

980603-MW12-36-17 

980217 -MW13-30-01 

980602-MWI3-30-12 

980218-MWI3-61-01 

c: .. "'1l 1l 01. !:..' . ~ 

~.l§;:Is 1 :·····t!i ..... ~ .... . ..•..... J·I 
S ;:I 
Z 
~ 
B .., ~ .......c: 0'. ~ • ..... ~ 

lii,j('1il,·j~ ii j, ./l.· ·;l.....I·.}IJ.ili+i · .. Ji+ 
rn ;:I 
o 

2708-W011 7-Dec-95 - 4.6 ND' . ,'·:il:~8. 31. 88. 16. 2.5 

2708-W015 20-Mar-96 0.78 ND>0.3 ")iO:67 70. 98. 11. 0.91 

2708-W017 17...1un-96 0.87: ·O~5 ••. : .. : "':&9~ 75. 130. 14. 1.1 

2708-W020 30-Sep-96 ,,19"<: <L1' .:~:: 140. 87. 39. 9.9 

2708-W023 25-Feb-97 '16; : ND' ··.·5:~;' 210. 81. 30. 11. 

2708-W027 27-Aug-97 4.2 ND' ............ 72. 59. 11. 2.5 

2708-W029 16-Feb-9811; '. ,Lt· ':~A 100. 87. 19. 8.1 

2708-W032 l...1un"98 7.2· 0;7, ,3;4, 140. 150. 26. 4.8 

2708-W010 6-Dec-95,.9;3~ ND" ND" ND" 0.33 ND" ND" 39. 17. 12. ND" 

2708-W016 21-Mar-960;75·;·""0~4 0.12'0;36 0.8 ND"" 5.8 2.2 4.7 

2708-W019 20-Jun-96,Q;§4::<~4i 0.12 ,; .. 0:28 0.68 ND" 2.1 0.98 2.2 
2708-W022 2-0ct·96 .' '. '.0;48.' ;'''0.23 ND" ..... '0~5 0.42 ND" 0.88 0,54 1.5 

ND" 2708-W025 26-Feb-97 •... ,,~;~~ "'0;].5 ND "O~l. 0.35 ND" ND" 0.73 0.45 1. 

2708-W028 28-Aug-97:':O~1 ND" ....... ND" ND" 0.18 ND" ND" 0.33 0.11 

2708-W031 18-Feb-98 "·0:21 ." ::'Q.~, ND" ND" ND" ND" ND" 0.13IND" 
2708-W034 3...1un-98'().42 ;',0.27 0.11,".' .0;27 0.36 ND"' 0.18 ND" 

2708-W011 7-Dec-95 2.6 6.31 ND ',1.5 340. 340. 

2708-W015 20-Mar-96~¥ 1.3 ~>O.~ ... '. <.~ .. ?~ 200. 180. 
2708-W017 17...1un-96 2.8 2.8 ., ,Q~311;4 160. 160. 

2708-W020 30-Sep~96 27. . .... '.' .. 2;: .'13i' 270. 220. 

2708-W020 30-Sep-96'3~;;~,':"3;; .. ';22'::'; 270. 250. 

2708-W023 25-Feb-97 3.3 ND' 150. 140. 

~;::: :E.~:: :3 ;;:;Z;> it:, ::0:0 .~.~;ii~ ",ii,1 ~:: 
2708-W011 7;Dec-95 0.17:' '0.22 1.4 ND" ND """"400;" 7.8 

2708-W016 21-Mar-96 ND" 0.35 ND" ND" 250. 3.3 

2708-W019 20...1\1n-96 ND" 0.4 ND" ND" 160. 2.4 

270B-W022 2-0ct-96 ND" 0.33 ND" ND" 140. 2. 

2708-W025 26-Feb-97 ND" 0.31 ND' ND" 100. 1.7 IND' 

2708-W028 28-Aug-97 ND" 0.24 ND" ND" 79. 1.4 

270B-W031 18-Feb-98 ND" 0.18 ND" ND" 71. 0.78 

2708-W034 3...1un-98 ND' ND' ND' ND' ND' ND' ND' 77. 1.1 
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45.5 

25.2 
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ND 

ND 
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Table H-2 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells, December 1995 to Present 
PAHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

JlAHsby EPAM~ihod8270 (SIM) 
... . An.alyticru.lwsUits 
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... ... 
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is ,I. · .. 1'tll ilf;·. . ...... J 
Temporary Well Point Samples 1995 

B-01 at 23 ' 1 950921-BW1-01 1 270S-W003 21-Sep-95 INO' NO' NO' NO' 0.091NO' INO' 7.4 1 0.221 

B-05 at 2S' 1 950925-BW05-01 1 270S-W005 29-Sep-95 INO' INO' INO' NO' NO' NO' INO' 13. 1 0.141 

B-19at 2S' I 950920-BWI9-02 1 270S-W002 20-Sep-95 1 . ·0.2sl'>:O.I61NO ' NO' 0.2SINO' INO' 39. 1 7.7 1 

B-21 at 19.51 951003-BW21-01 1 270S-W006 3-0ct-95 1 .. ·;.· .. ·.0;531' ... \:,:..;.::0;66 

B-31 at 29' 1 950925-BW31-01 1 270S-W004 25-Sep-95 I ..•......... '.' 2;4 'P.,·+ •• 2;}!.', 
EP AMamnum ContairiiiiaritLevels. (MCLs) fo~D~Waiei 

EPAR~giori..9l'1:eJiIn4laryRemedial Goals.(PRGs)for TapWater ' 

DEQ AInbientWaterQuality Criteria(A,WQC)f()fSurfa~Watei' 

Note: # = Reference Level not established 
EPA = U.S. Environmental Protection Agency 
NO " not detected above detection limit indicated 
ODEQ = Oregon Department of Environmental Quality 

1 = Sample number preftx: 2708-

#. 1< # 

0.09 1 0~09 

#. ':'# 
.. 

0.271::';: .:0.34 0.791; j 0;071 0.271 110. 1 I.S31 2.1 0.37 
; •. :;0;971"'2;4" 3.9 ';'0.2111;3;1 96. 1 2.7 1 15. 1 1.6 1 16. 

#. 

1'1' I·' ••• H O~Ol . •. . Hf).2 '. .• . 0.01 
.• # ..... #. . .• # 

0:92 

PAIls" polynuclear aromatic hydrocarbons 
ppb = parts per billion 
ug/l = micrograms per liter 

# «1#1<#><1 H#/" I.. it .. J" # 

. 0.091365 .' L#II;8251#11;460 

# 52()'1># 154 4 

Bold and shaded = Detected above lowest identified Reference Level 

a = detection limit is 0.1 ug/l (ppb) 
b = detection limit is 1. ug/l (ppb) 
c = detection limit is 2. ug/l (ppb) 
d = detection limit is 10. ug/l (ppb) 

'" '. r:: .", .... 
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.. ~ 
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21. 

29. 
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.' 243 

# 
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"'~ .. 
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t) 
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. ..~. 0 
•. ~ '(1.), .S 
• r:!). M. u 
~i £a 

~IIl .i 
140. 19. 1.7 , ...... ; ........... • .. 0_1 

0.94 6.9 1.4 INO 

: ... t?;:J~Q~ •...... 29. 5.6 '0;7 

< )i16();: 17. I'· . . 5.42 .••• , ....... " .. 2.9." 
··:· ... 12Q; 76. 25. 13~ 

. ··/t·;: •• ···I····.· .. ·.···.# .. · ••. 1 •• ..• liY. ···1····· #. 
. . I .... I' . I .24.3:> .. ~:GI82.· ••••••.• # 

620 1> II> 0.0314 • 

' .. ~ 
p.. 

ai 

'~"" 

176. 

34.S 

6,610. 

726. 

695. 

# 

# 

# 

2 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (OAR 340-41) based on Fresh Acute, Fresh Chronic (Aquatic Life Protection) and Fish Consumption Only (Human Health Proteq;on) 

UJ>dated: 9/24198 RBE 

3" Reference Level based on Aquatic Fresh Chronic Criteria of AWQC . 
4 = Reference Level based on Human Fish Consumption Criteria of AWQC 
5", Oue to mislabeling in the field or due to laboratory misidentification, the laboratory report transposed results for MW4-35 and MW-4-57 in August 1997. Tables attribute data to the correct well. 
6", Results for sample 960620-MW-8-56-01 should be considered qualitative due to an apparent error concerning sample identity with respect to PAR container 

File Name: • 2708-H GW Results (Master) 
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Table B-3 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells 
Phenols by EPA Method 8270 
December 1995 to Present 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Ph~nols by EPA Method 8270 ... 

... 
.(1) 

~ 
.0 e 
::l 
Z 
Q) 

--

,I" 

I .... 
Q) ..... 

.0 o· 
dQ 
~, <1l 
~. ...c: .. ' ..... 

Z E'O' g ..... 

.... 
'0 

, ........... '.' AnaIyticaIR¢$ults 
... ug/l(ppb) ., 

<J' I ... " 

.' 

. .. 

-

:0 

§ C" ...c:, d '0 
.d 
'Q) 
,..c: 
j;l, 
o· .... 
~ 
.U 

Project No. 2708 

en 
'0 
Q 
Q) .0" 

S. , 
.. ~. 

'':0. 
§ i lJij<li <;I,il 11",1.1 .,~.,., .... ..c: 

p., 

Z 
.. · ............. ·~.i. 

MW03-56 

MW04-35 

MW04-57 

MW06-32 

MW06-61 

MW08-29 

.en .. 
.~ ..•.. : ':Il . 

951206-MW3-56-0 1 2708-W010 I 6-Dec-95 IND>5.0 

960618-MW 4-35-01 

961001-MW4-35-01 

2708-W018 I 18-Jun-96 IND>5.0 

2708-W021 

970225-MW4-35-01 2708-W024 

980827-MW4-57-015 2708-W027 

980217-MW4-35-01 2708-W030 

960620-MW4-57-01 

961002-MW4-57-01 

970226-MW4-57-01 

2708-W019 

270S-W022 

2708-W025 

970828-MW4-35-0151270S-W028 

980218-MW4-57-01 2708-W031 

951207-MW6-32-01 

951206-MW6-61-01 

960321-MW8-29-01 

960619-MW8-29-02 

961002-MW8-29-01 

27G8-WOll 

2708-W010 

2708-W016 

2708-W019 

2708-W022 

2708-W025 

1-0ct-96 ND>5.0 

25-Feb-97 ND>5.0 

27-Aug-97 ND>50 

17-Feb-98 ND>5.0 

20-Jun-96 ND>5.0 

2-0ct-96 ND>5.0 

26-Feb-97 ND>5.0 

28-Aug-97 ND>5.0 

18-Feb-98 ND>5.0 

7-Dec-95 IND>50 

6-Dec-95 IND>5.0 

21-Mar-96 IND>50 

20-Jun-96 

2-0ct-96 

26-Feb-97 

ND>5.0 

ND>500 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>50 

ND>5.0 

ND>500 

ND>5.0 

ND>50 

"th· 
~-, . 

<:'1-. 

ND>5.0 IND>5.0 ND>1O.0 ND::'5.0 ND>5.0 ND>5.0 ND>5.0 ND>5.0 ND>5.0 IND>5.0 ND>5.0 IND>5.0 IND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

ND>50 

ND>5.0 

ND>500 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>20 

ND>20 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

ND>10.0 

ND>10.0 

ND>10.0 

ND>50 

ND>5.0 

ND>10.0 

ND>10.0 

ND>10.0 

ND>20 

ND>200 

ND>100 

ND>10.0 

69. IND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

20. 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

29. 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

15. IND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>50 

ND>5.0 

ND>50 

ND>5.0 ND>5.0 ND>5.0 

ND>5.0 ND>5.0 ND>5.0 

ND>5.0 ND>5.0 ND>5.0 

ND>10 ND>50 ND>50 

ND>10 ND>10 ND>5.0 ND>5.0 
---
ND>5.0 2.8 ND>5.0 ND>5.0 

ND>5.0· 9. ND>5.0 ND>5.0 

ND>5.0 4.8 ND>5.0 ND>5.0 

ND>10 4.6 ND>5.0 ND>5.0 

ND>10 47. ND>50 ND>50 

ND>50 IIND>50 IND>50 IND>50 

ND>5.0 I IND>5.0 IND>5.0 IND>5.0 

ND>50 ND>50 I 16. ND>50 

10. ND>10.0 ND>5.0 ND>5.0 ND>5.0 ND:>5.0 ND>5.0 ND>5.0 ND>5.0 ND>5.0 ND>5.0 
I 

ND>5.0 

ND>500 ND>l,OOO ND>500 ND>500 ND>500 ND>500 ND>500 ND>500 ND>500 I ND>500 ND>500 ND>500 

82. ND>10.0 ND>5.0 9.8 ND>5.0 ND>5.0 2.6 ND>5.0 ND>5.0 I 5.5 ND>5.0 ND>5.0 

23. ND>20 ND>50 ND>50 ND>50 ND>50 ND>50 ND>50 ND>10.. 13. ND>50 ND>50 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

98021B-MW8-29-01 I 270B-W031I 18-Feb-98 INIb50 IND>50 IND>50 IND>50 ND>200 ND>50 ND>50 ND>50 ND>50 - ND>50 ND>50 ND>100 i ND>100 ND>50 IND>50 IND 

970226-MW8-29-01 

970828-MW8-29-01 2708-W028 I 28-Aug-97 IND>50 

"ca .... 
. '0 
"E-< 

2.8 

29.0 

4.8 

4.6 

47.0 

129 

10 

100 

36 

MW10-25 I 951207-MW10-25-01 2708-WOll 7-Dec-95 ND>50 ND>50 ND>50 490. ND>100 ND>50 ND>50 ND>50 ND>50 ND>50 470. ND>50 ND>50 3,490 

960320-MW10-25-01 2708-W015 20-Mar-96 ND>20 ND>20 ND>20 ND>20 ND>20 ND>20 ND>20 ND>20 630. ND>20 ND>20 3,500 

960617-MW10-25-01 2708-W017 17-Jun-96 ND>500 ND>500 ND>500 440. ND>1000 ND>500 ND>500 ND>500 ND>500 280_ ND>500 ND>500 2,490 

960930-MW10-25-01 2708-W020 30-Sep-96 ND>50 ND>50 ND>50 , 550. ND>100 ND>50 ND>50 ND>50 ND>5Q- 1,000. ND>50 ND>50 6,050 

970224-MW10-25-01 2708-W023 25-Feb-97 ND>5,OOO ND>5,OOO ND>5,OOO ND>5,OQO ND>10,OOO ND>5,OOO ND>5,OOO ND>5,OOO ND>5,OOO ,I ND>5,OOO ND>5,OOO ND>5,OOO ND>5,OOO 

970827-MW10-25-01 2708-W027 27-Aug-97 ND>20 ND>20 ND>20 350. ND>100 ND>20 ND>20 ND>20 ND>50 680. ND>20 ND>20 2,960 

980216-MW10-25-01 2708-W029 16-Feb-98 ND>50 ND>50 ND>50 250. ND>200 ND>50 ND>50 ND>50 ND>100 ( 790. ND>50 ND>50 2,620 

*r.i\.M#!lnlii#:2~i:if.#jjriiiap.~~i~~~(MCt..S~f~I"~gVlater.·<'····'·" 
~rA~i?OIl~1$¥it!lj~~iy~~~ia!t¥1.Goals.(I!g~n()f1'apW~teh 
jj~QAJ:@i~~\'i~te#Q\llJiti6~1:!iri~(AWQbffof~Wf~;;Wakf'·,) 

l Note: EPA = u.s. Environmental Protection Agency ppb = parts per billion # = Reference Levels not established 
ND = Not detected above detection limit indicated ugll = micrograms/liter Bold and shaded = Detected above lowest identified Reference Leveli 
1 = Sample number prefix: 2708- I 
2 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (OAR 340-41) based on Fresh Acute, Fresh Chronic (Aquatic Life Protection) and Fish Consumption Only (Human Health Protection) 
3 = Reference Level based on Aquatic Fresh Acute Criteria of AWQC I 
4 = Reference Level based on Aquatic Fresh Chronic Criteria of A WQC 
5 = Due to mislabeling in the field or due to laboratory misidentification, the laboratory report transposed results for MW4-35 and MW-4-57 in August 1997. Tables attribute data to the correct well. 

Updated: 9f25198 RBE 
File Name: .. 2708-H GW Results (Master) 
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Table H-3 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells 
Phenols by EPA Method 8270 
December 1995 to Present 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

Phenbls by EPA.l\teih()Cl827() 

.... 
Q) 

.D e 
;j 

z 
Q) 
0; 
e 

.~ 

8 
.:i .. -.. I . a3 
~> ..~/ 

MW10-61 I 951206-MW10-61-01 

--

... , 
Q) ~. 1 ... ~ .•. 
z .g;. 
.>.>-

... '"0 . ..c: 

lJ,l. 
2708-W010 I 6-Dec-95 IND>5.0 

960620-MW10-61-01 I 2708-W019 I 20-Jun-96 IND>5.0 

MWll-32 

960930-MW10-61-01 

970226-MW10-61-01 

970828-MW10-61-01 

980218-MW10-61-01 

951207-MWll-32-01 

960320-MWll-32-01 

960617-MWll-32-01 

960930-MWll-32-0l 

2708-W022 

2708-W025 

2708-W028 

2708-W031 

2708-WOll 

2708-W015 

2708-W017 

270B-W020 

970224-MWll-32-01 270B-W023 

970B26-MWll-32-01 2708-W026 

9B0216-MWll-32-01 270B-W029 

2-0ct-96 ND>5.0 

26-Feb-97 ND>5.0 

28-Aug-97 ND>5.0 

18-Feb-98 ND>5.0 

7-Dec-95 ND>50 

20-Mar-96 ND>20 

17-Jun-96 ND>500 

30-Sep-96 ND>100 

25-Feb-97 ND>500 

26-Aug-97 ND>20 

16-Feb-98 ND>50 

'0 
!'l. 
Q) 

..c:. .0. .. 
·0·· 

. ~':., 

o· 
~. 
0·'· 
c!t: .:." 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>20 

ND>500 

ND>100 

ND>500 

ND>20 

ND>50 

'0 
!'l . 
Q). 

..c: 
0.. o ... 

··0 

:-fi 
.~ .. , 
..J." . 
C'I" , 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>20 

ND>500 

ND>100 

ND>500 

ND>20 

ND>50 

-

I ········1 

'0 
t:l ~ 

. 11) ,...., 
..<: 0 
Po. til 

:e~ ~ ,...., 
·0 

f "j 
·.i,·'··· •... , .. >!\ •.. ,!flit 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>10.0 ND>5:0 

ND>10.0 IND>5.0 

ND>10 

ND>10 

ND>20 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 IND>20 IND>5.0 

., 1;200~ ND>100 ND>50 

. 82(L . ND>20 ND>20 

540. ND>l,OOO ND>500 

650. ND>200 ND>100 

ND>500 

600. 

200. 

ND>l,OOO IND>500 

ND>100 

ND>200 

ND>20 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

1,200. 

540. 

420. 

960. 

240. 

210. 

130. 

AnalytlcalReslllts 
ugn(ppb) 

'0 
!'l 
Q). 

"§.. 

<I' 

h;lijYi. 
ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

. '599:'/ ND>50 

2~O",,·; ND>20 

170. ND>500 

540~, ND>100 

ND>500 

120. 

120. 

ND>500 

ND>20 

ND>50 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>S.O 

ND>50 

ND>20 

ND>500 

ND>100 

ND>500 

ND>20 

ND>50 

-o. 

-

s::: , . 
eD 

"§.> .... 
o 0 s·· s::: 

:.1 

1 .;.e: 

1,,;1,·· ' •• :;.'J 1 .• '",/ j"" ,I., 

A 
·0 

S ...... =5 .... 
ES' 

-:.:~.::: 
.. C'I-

ND>5.0 IND>5.0 ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>5.0 

ND>50 

ND>20 

ND>500 

ND>100 

ND>500 

ND>20 

ND>50 

ND>5.0 ; IND>5.0 

ND>5.0 

ND>5.0 

>5.0 

Project No. 2708 

'0 
s::: 
Q) 

..... 8·' "0 
.'{i.. m 
.~ ..c: 
.~. .. ~ 

. .. ~;.,.... III 

. ~·I til 

".;;,~",., -g 
C'I- ~_ 

ND>5.0 IND 

ND 

ND 

ND 

ND 

8.4 

3,110 

1,650 

1,130 

2,221 

240 

961 

450 

MW12-36 960321-MW12-36-01 I 270B-W016 21-Mar-96 IND>5 ND>5 ND>5 ND>5 ND>10 ND>5 ND>5 ND>5 ND>5 ND>5 ND>5 ND>5 IND>5 IND>5 IND>5 ND 

Temporary Well Point Samples 1995 

B-19at 28' I 950920-BW19-02 ! 2708-W002! 20-Sep-95 IND>5.0 IND>5.0 IND>5.0 120. IND>10 IND>5.0 27. IND>5.0 IND>5.0 IND>5.0 IND>5.0 16. IND>5.0 IND>5.0 165 

B-21 at 19.5" 951003-BW21-01 I 2708-W0061 3-0ct-95 IND>5.0 IND>5.0 IND>5.0 IND>5.0 IND>10 IND>5.0 IND>5.0 IND>5.0 IND>5.0 IND>5.0 IND>5.0 IND>5.0: IND>5.0 IND>5.0 IND>5.0 ND 

~rNMiji#iIll.n..c:iliita!Tljnii#t·DlV~W(MC:4):forJ:fuil]tiIli~~.t#.··} •.. " .. 

~I'N~gj.~~~PreliPliI!.a#~iiiediatioii9il&s~~~)N*,':rap'Ya~(> 
RE§@bi~tW~tefQllllli~¢ri~ija.(A\\'Q¢jiofSUrfac:#w-at:¢r'}··"····'··· ,·· •• ·.·.2':120}'i·· 

Note: EPA = U.S. Environmental Protection Agency 
ND = Not detected above detection limit illdicated 
1 = Sample number prefix: 2708-

ppb = parts per billion 
ugll = microgramslliter 

# = Reference Levels not established I 
Bold and shaded = Detected above lowest identified Reference Level 

2 = Reference Level indicated is the lowest guidance value provided ill the Ambient Water Quality Criteria (OAR 340-41) based on Fresh Acute, Fresh Chronic (Aquatic Life Protection) and Fish Consumption Only (Human Health Protection) 
3 = Reference Level based on Aquatic Fresh Acute Criteria of A WQC ) 
4 = Reference Level based on Aquatic Fresh Chronic Criteria of AWQC 
5 = Due to mislabeling ill the field or due to laboratory misidentification, the laboratory report transposed results for MW 4-35 and MW -4-57 ill August 1997. Tables attribute data to the correct well. 

Updated: 9/25/98 RBE 
File Name: • 2708-H GW Results (Master) 
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Table H-4 - Summary of Historical Analytical Results for Groundwater Samples - Monitoring Wells 
Detected Volatiles by EPA Method 8260 
December 1995 to Present 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

])etected Volatil~s by EPAMethodS260 

.. 
(1) 

.0 
E 
::1 
Z 
"'" ~ 

MW4-57 

MW5-32 

MW8-56 

-------

c 
(1) 

.0 
6 
::1 
Z 

(1) 

~ 
.6·> 
.~. 

00. .. 

~ .
... ,.:,., I': 
',' . . . 

. ~. 

960321-MW4-57-01 

951205-MW5-32-01 

951207-MW8-56-01 

MWll-32 1 960320-MWl1-32-01 

960617-MWll-32-01 

960617 -MWl1-32-02 

960930-MWl1-32-01 

MW12-36 J951207-MW12-36-01 

960321-MW12-36-01 

960620-MW12-36-01 

961002-MW12-36-01 

970226-MW12-36-01 

970828-MW12-36-01 

980218-MW12-36-01 

.. 
C1l 

.0: 
EL 
::1:' 
Z 
>.. 

"t:l o· ... 
.. ~. 

o ...... 
0". 
1::': 

. : .. ~;:. 

A' .. o 
2708-W016 

2708-W009 

2708-W011 

2708-W015 

2708-W017 

2708-W017 

2708-W020 

2708-W011 

2708-W016 

2708-W019 

2708-W022 

2708-W025 

2708-W028 

2708-W031 

I .3 
aL 

Q 
(1)' .. 

.~: 

eL 
oj.' 

en 
21-Mar-96 

5-Dec-95 

7-Dec-95 

20-Mar-96 

17-Jun-96 

17-Jun-96 

30-Sep-96 

7-Dec-95 

21-Mar-96 

20-Jun-96 

2-0ct-96 

26-Feb-97 

28-Aug-97 

18-Feh-98 

-

(1) . 
. S::.' 

. (1) I,' 

I ··l 
.~. 

j 
"'0-, . 
.. ~ ... 

(1). s::. 
(1)' 
t'I 
1::. 
(1)' ·i •. ' ..... , ~> 

8' . r£l" 

.,' ":1/700;, "",:;,:3~;, 540. 

ND>5.0 ND>5.0 ND>5.0 

l,S,6OQ.'11,1()(» 590. 

16;700;. ..3,300 •.. 

<:~~~:.:: ·::;r~; 1·.··:· .. ::· .. ,..966. 
11;600::: .' .. :S,3()~j: ;',;,;. "~OO. 

620. 

1,000; 

92> 
""210> 

250::. 

330!' 

',510;: 

220. 

250. 

390. 

26Cf 310. 
",. :" .:' 

"':230:' ','4301;' . ..... ..... . ..... ,' 

150. 

140. 

120. 

130. 

120. 

110. 

80. 

ND>5.0 

600. 

840. 

1,300. 

1,200. 

1,200. 

460. 

310. 

280. 

330. 

280. 

I ·'· .. 

-

(1) '. s::. 
(1) """"" ... 
>" 

>::. 
o 

140. 

ND>5.0 

200. 

400. 

640. 

580. 

560. 

170. 

180. 

160. 

180. 

150. 

I 140/ 370. 1 82. 1 180. 1 100. 

AnaIyticalResuJts ..... . ·1 

~. ~~. 
... (1) 
o _ r .. ~ 
~ ~ 

220. ··,;'.<1.7()0~ 

.. 

'1'·':" 
. r· '(1) 

.. s:: 
, .. :(1) .. 
<P 

00 

ND>10 

ND>5.0 11. IND>5.0 

800. 1'>13;30();IND>100 

1.240. 8;SOOj IND>2 

4,l()0; 

~g/l(ppb) 

I.' 

(1) 

~. 
t'I = .8 

.:& 
::1 
~r 
u" 

.. ~" . 

ND>10 

ND>5.0 

ND>100 

630.':.':2,3(),O~: 100. ND>50 

490. ,.\1~900~ 130; ND>10 

440.,1,500. 140. ND>10 

510. 170. ND>50 
.. .~. . 

I 

.(1).i 

'~l 1 .. ,1: 
ND>10 IND>10 IIND>10 

ND>5.0 IND>5.0 IND>5.0 

ND>100 IND>100IND>100 

35. 18. 

17. 

14. 
I 
ND>1,200 

ND>50 

ND>10 

ND>10 

ND>50 

ND>50 

ND>10 

ND>10 

ND>50 

ND>50 

ND>10 

ND>10 

ND>50 

C1l s:: 
C1l 
t'I 
s:: 
C1l 

.0 

.~ 
'A ... 

.C1l 

6 
., ... , ... , ..... ~ ..... 

. .... CI:). 

~. 

~. 

ND>5.0 

22. 

ND>100 

110. 

100. 

86. 

ND>1,200 

36. 
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TABLE 1-1- Summary of Analytical Results for On-Site Surface Water Samples 
BTEX, Total PAHs, TPH, and Lead 
Remedial Investigation 
Northwest Natural Gas Company - Gasco Facility 
Portland, Oregon 

.J ~~:ll.:. __ . .J 

Project #2708 

'~1~!~:f~ /~~ l~!~iEP~M~od:,::;:,EP~:~:;:' (·~:a~:od 
SW1 East 

Pond 
SWI-01 I 2708-W012 I 30-Jan-96 I 0.92IND>0.5 IND>0.5 IND>0.5 0.92 I 6.6 I 12.1 IND>0.5 IND>O.005 

SW2 Middle 
Pond 

SW2-01 I 2708-W0121 30-Jan-96 3.1 IND>0.5 0.82 2.1 6.02 

SW3 West 
Pond 

SW3-01 I 2708-W012I 30-Jan-96 0.92IND>0.5 ND>O.5 ND>O.5 0.92 

SW4-01 I 2708-W012I 30-Jan-96 110. SW4 Ditch, 
West 9. 0.55IND>O.5 119.55 

SW5 Ditch, 
East 

6.2 SW5-01 I 2708-W012I 30-Jan-96 0.75 IND>O.5 IND>0.5 6.95 

SW5 I Ditch 
(duplicate) East' I SWI-02 I 2708-W0121 30-Jan-96 

I: ... ~-... -.-... -... ·i~tE!k~~;~~i~~~'_>IH' ·40 " ••..... ·.·1. ·.··.424 2 1,400 • # # 

Note: # = Cleanup level not established mg/l = milligrams/liter 
• = Sample number prefIX: 2708·960130· 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA = U.S. Environmental Protection Agency 

ND = not detected above detection limit indicated 
ODEQ = Oregon Department of Environmental Quality 
PAHs = polynuclear aromatic hydrocarbons 

1 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (OAR 340·41) 
2 = Reference Level based on Human Fish Consumption Criteria of Ambient Water Quality Criteria 
3 = Reference Level based on Human Fish Consumption Criteria of AWQC 

Updated: 9125/98 RBE 
File Name: *2708·1 Surface Wtr Rslts 

0.24 

0.76 

0.55 

0.62 

0.69 

#. 

23.7 IND>0.5 

16.3 IND>0.5 

----;:;.·yD"'.5 
20.1 22. 

22.6 

# 

ppb = parts per billion 
ppm = parts per million 

# 

ND>O.005 

ND>O.005 

ND>O.005 

ND>O.005 

ND>O.005 

0.0032' 

TPH = total petroleum hydrocarbons 
ug/l = micrograms/liter 

BOLD = Detected above Reference Level 

Hahn and Associates, Inc. 
Page 1 of 1 

j 



S 
"0 
"0 
CD 
~ 
o 
N 
N 
CD 
(,V 
.j::>. 

L ___ .. __ L- L-. L_ L-.. f 
~ L-.:..., -.....-......... 1_ ...... 

TABLE 1·2 - Summary of Analytical Results for On-Site Surface Water Samples 
PAIls by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

P~i1yEPAMilthod8210(sitJj> •....... 

SW1 East 
SW1-01 30-Jan-96 

Pond 

SW2 Middle 
SW2-01 30-Jan-96 

Pond 

SW3 West 
SW3-01 30-Jan-96 

Pond 

SW4 Ditch, 
SW4-01 30-Jan-96 

West 

SW5 Ditch, 
SW5-01 30-Jan-96 

East 

SW5 Ditch, 
SW1-02 30-Jan-96 

(duplicate) East 

.... • ••. \ liefel"~llceU~~isl~> 

Note: • = Sample number prefix: 2708-960130-
II = Cleanup level not established 

ND>0.3 

2.9 

2.8 

0.31 

1.1 

1.2 

i.$~()~ . 

0.6 0.87 0.75 1.8 0.64 

0.3 0.4 ND>O.l 0.13 ND>O.l 

0.48 0.66 0.11 0.19 ND>O.l 

ND>O.l ND>O.l ND>O.l 0.17 ND>O.l 

0.31 ND>O.l 0.1 0.16 ND>O.l 

0.35 0.16 0.11 0.18 ND>O.l 

.· ... ····.it> I).~<.· 52()i •• . ..• <11 .. ' •. II .. ··.• 

DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 

L ..... 

1.1 

ND>O.l 

0.13 

0.12 

0.11 

0.12 

...... #< 

1 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (OAR 340·41l 
2 = Reference Level based on Aquatic Fresh Chronic Criteria of AWQC 
3 = Reference Level based on Human Fish Consumption Criteria of AWQC 

Updated: 9125198 RBE 
File Name: ·2708-1 Surface Wtr Halts 

"" .... ~.,.. ••.• ...j 
, 
' .. , ........ ... .. -, .. ~,~) ~::&;.:,...J ..... M._._.l ....... __ .J :"'_...J ___ .... .J ~ __ J 

Project 112708 

..~ 
il-' 

1.8 1.1 ND>0.3 0.9 ND>0.3 1.2 ND>0.3 ND>0.3 I 1.3 I 6.591 12.1 

0.1 0.11 ND>O.l 0.85 1.2 ND>O.l 16. 0.961 0.711 0.24 I 23.7 

---------
0.17 0.21 ND>O.l 1.1 1.3 0.12 7.2 1.1 0.86 0.76 I 16.3 

------
0.18 0.16 ND>O.l 0.28 0.22 0.11 2.5 ~ ,." '" I •. , 
0.14 0.15 ND>O.l 0.32 0.41 0.1 16. ----;:; ----;:; ----;:;1 20.1 

---------
0.17 0.16 ND>O.l 0.3 0.44 0.12 18. 1. 0.28 0.69 22.6 

•.....• ,1. ····iI:······ :.11 .. ··.543 ... If 'I • 
... ... ; . 

.620 ' . II I .. 1/' 1/ II 

NO = Not detected above detection limit indicated ppb = parts per billion 
PAHs = polynuclear aromatic hydrocarbons ug/l = micrograms/Jiter 

HAHN AND ASSOC&'Ws~ I~d 
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TABLE 1·3 - Summary of Analytical Results for Sediment Samples: On·Site Ponds 
TPH, BTEX, Total P AHs, Total Organic Carbon, and Lead 
Remedial Investigation 
Northwest Natural· Gasco Facility 
Portland, Oregon 

··E~AMethlldB020 EPA Method 
415.1 

Project #270B 

EPA Method 
6010. 1SJ:fiU!mtf~~~~:i: B~. 

·TO!~ene l>b~n~:A;.IXyienes Total BTEX 
Totiir 
Orgaiiii: 
Carbon 

Totar Lead 

SO·l 

SO·2 

SO·3 

Note: 

960l30·S0l·0l 270S·S0010 30·Jan·96 0.5 

960l30·S02·0l 270S·S0010 30.Jan·96 0.5 

960130·S03·0l 270S·S001O 30·Jan·96 0.5 

... ~Ref~~e!!l'~ie~el 1 ; 

• ~ Sample number prefix: 2708· 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
EPA" U.S. Environmental Protection Agency 

NO>20 140. 
blHCID 

16. 1,200. 

ND>10 1,100. 

....• 
- -

HelD = hydrocarbon identification 
mg/kg = milligramslkilogram 

1,062.9 

3,721.6 

2,628.1 

See Table 1·4 

ND = not detected above detection limit indicated 

1,934.7 INO>0.3 1 NO>0.3 INO>0.3 INO>0.3 

21,664.6 

10,669.9 

S~eTable~ 

ND>0.3 NO>0.3 ND>0.3 

-' 
NO>0.3 NO>0.3 NO>0.3 IND>0.3 

'- ..::.. . 
- - '----. 

ODEQ = Oregon Department of Environmental Quality 
PAH. = polynuclear aromatic hydrocarbons 
ppm = parts per million 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area, April 1998. 

Updated: 9/23/98 RBE 
File Name: 2708-1 Sed Results (Ponds) 

INO 90,700. 14. 

0.341 0.34 134,000. 6.B 

INO 75,500. lB. 

450 

TPH " total petroleum hydrocarbons 
BOLD" Detected above Reterence Level 

Hahn and Associates, Inc. 
Page 1 of 1 
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TABLE 1·4 - Summary of Analytical Results for Sediment Samples: On·Site Ponds 
PAHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural· Gasco Facility 
Portland, Oregon 

PAHilbY~P~ld:etll()~S270 (!jIAl)" 

,- o· 

N 
CIl· " .. 
g,. 

1 
.[(2, 

.@ 
o 

1%1 "'. .. ~. 

.'. 

"","," 

1: e 
:;I. z· 
Q) 

1 
CIl 

o 
Z 
>; 

] 
. ~. 
C,) ... 
··0 

1 
C,) 

... ·:·1·" I··' , .... :.: .. ·'··1'·"···· I ... , ..• ,.,. :, .•..... j ... < .. 
dj';' 
@,. 

.s 
.~ I -:l' 

'" " Q 

1 .!l "'. S 
CIl 

SD·l 1 960130.S01.Ol 1 2708·S00101 30·Jan·96 0.5 5.7 

" '" d 

" '" " -:l u 

" ". .s <II 

" 0 
.~ ::J 

.::: 
$ e 
0 0 
N N .. 0: 

'" '" 1%1 1%1 

41.3 24. 141. 246. 

" " " 1 
0 
::J 

.::: 
g 
0 

a 
'" 
76. 

Project No. 2708 

Analytical Results 
ingJk~ (1!I!m) .. 

j ... 
w 

'" '" ~ .. .. 
" '" " 
u 

~ .. " .-& .£l '" '2 '" '0 .. .. g:, 
Q) 8- " ~ '" ~. 

~ '" coo • " " '" " .. 
~ " '" :a ~ '" " .~ ~ $ " " 

... 
~ ~ " ~. .. " '; " ~ " (.) 

'" 0 

~ 
.. E f " .d .. ] N N '" '" 0 " I ] 0: 0: J!!> 

~ ~ ] '" " " '" is ~ if ~ ~ 1%1. 1%1 

205. 226. 215. 28.9 255. ND>5 151. S.l 14.7 297. 1.os3 1,935 

1--__ I ____ -I-__ -1 ___ I ___ :-1-.40-S-. 1-19-4-. l-l-.03-0·-1-6s-s·-1-69-5·-1-26-2·-1-72-9·-1-59-4·-I-S9-9·-1-6-S.-61-3.-OO-6·-11.03S. 1-3S-0·-I-l.-43-7·-1-6.-00-1.-1-3.-23-5.-,-3,-72-2 1 21 ,665 80·2 960130·8D2·01 I 2708·SDOl01 30·Jan·96 0.5 

80·3 960130·803·01 I 2708·800101 30·Jan·96 0.5 

Note: # 1:1 Cleanup level not established 
bgs "" below ground surface 

\ .. n~fei~~~~:~.~~tL:-~! ·.0.5 

EPA = U.S. Environmental Protection Agency ND = not detected above detection limit indicated 
mglkg 1;1 milligrams/kilogram PAHs "" polynuclear aromatic hydrocarbons 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area. April 1998. 

~s~~~;'W~;~~!~ 

10,662 

# 

ppm = parts per million 
BOLD 1:1 Detected above Reference Level 

HAHN AND AssocJ~i~,llg[J. 
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Willamette River Sediment Quality Data 
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LEGEND 

):g HAl sediment boring location 
(1996) 

b. EPA surface sediment sampling 
location (1997) 

6 EPA surface and subsurface 
sediment sampling location 
(1997) 

o U.S. Army Corps of Engineers 
sediment sampling location 
(1997) 

o 715 1,430 

i I ! 

Approximate Scale in Feet 

Note: Aerial photograph from Portland Harbor Sediment Investigation Report, Multnomah County, Oregon 
(EPA 9101R-98-006), dated May 1998 

Project No. 
2708 

September 
1998 

HAHN AND ASSOCIATES 
INCORPORATED 

ENVIRONMENTAL MANAGEMENT 
434 NW SIXTH AVENUE, SUITE 203 

PORTLAND, OREGON 97209 
(503) 796-0717 

SEDIMENT SAMPLE LOCATION MAP, 
WILLAMETTE RIVER 

Northwest Natural 
Gasco Facility 

7900 NW St. Helens Road 
Portland, Oregon 
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Ml/",s. ,howrr in Columbia 
River is I'rorn OL1!~r U')C or 
jetties. 

Sample Location 
Composited Sampli 

U· S. PROPERTY 
13.14 ACRES 

WILLAMETTE RIVER, OREGON 
u. S. GOVERNMENT MOORINGS 

R.I. H. INSTALLATIONS 
&C:AL [ ,,.. ,t£T 

10 JO 100 ua 

U.S.ARMY ENC;INEER OISTRICT. PORTLAND 'i 

Figure 2: Sample Locatiogs June 14, 1994. 
'--__ ... . "', 1'1l., 1'1:> - ocfoo.:.r 12/l1f:Y] 

Note: Map from COE Report "Results of U.S. Moorings Sediment Study, by Siipola, M.D. and 
Britton, J.L., June 14, 1994 

Project 
No. 2708 

HAHN AND ASSOCIATES 
INCORPORATED 

U.S. Moorings Sediment 
Sample Locations FIGURE 

- 1-------1 ENVIRONMENTAL MANAGEMENT 
434 NW SIXTH AVENUE, SUITE 203 

PORTLAND, OREGON 97209 
(503) 796-0717 

Northwest Natural 
Gasco Facility J-3 September 

1998 
7900 NW St. Helens Road 

Portland, Oregon 
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Figure J-4 
Total PAIls and Carcinogenic PAIls in Willamette River Surface Sediment 

River Mile 6.0 - 7.0 

, Up-stream 
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2708-J Sed Chart: Updated9/28/98:RBE HAHN AND ASSOCIATES, INC, 
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TABLE J-I - Summary of Analytical Results for Sediment Samples: Willamette River 
TPH, BTEX, Total P AHs, Total Organic Carbon, and Lead 
Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

Sample Sample Chain of 
Station Number* Custody 

Sample Depth 
Date (feet brbs) 

ID Number ODEQ Method TPH-HCID ODEQMethod 

SD-4 960123-SD4-01 270B-SD003 23-Jan-96 0.5 

SD-4 960123-SD4-11 270B-SD003 23-Jan-96 9.5 

SD-5 960I23-SD5-01 270B-SD003 23-Jan-96 0.5 

SD-5 960123-SD5-09 270B-SD004 23-Jan-96 B.O 

SD-6 960 I23-SD6-0 1 270B-SD004 23-Jan-96 0.5 

SD-6 960123-SD6-09 270B-SD005 23-Jan-96 B.O 

SD-7 960I23-SD7-01 270B-SD006 23-Jan-96 0.5 

SD-7 960123-SD7 -05 270B-SD006 23-Jan-96 B.5 

SD-B 960 123-SDB-0 1 270B-SD006 23-Jan-96 0.5 

SD-8 960 123-SD8-1 0 270B-SD007 23-Jan-96 9.0 

SD-9 960124-SD9-01 270B-SD007 24-Jan-96 0.5 

SD-9 960124-SD9-02 
270B-SD007 24-Jan-96 0.5 

(Dun) 

SD-9 960124-SD9-06 270B-SD008 24-Jan-96 4.5 

SD-10 960 123-SD 10-0 1 270B-SDOOS 23-Jan-96 0.5 

SD-10 960 123-SD 1 0-09 270B-SDOOB 23-Jan-96 7.5 

SD-11 960 123-SD 11-0 1 270B-SDOOB 23-Jan-96 0.5 

SD-11 960 123-SD 11-03 2708-SD009 23-Jan-96 2.0 

SD-12 960 124-SD 12-0 1 2708-SD002 24-Jan-96 0.5 

SD-12 960 124-SD 12-04 2708-SD002 24-Jan-96 3.0 

SD-13 960 124-SD 13-0 1 2708-SD001 24-Jan-96 0.5 

SD-14 960124-SD14-01 2708-SD005 24-Jan-96 0.5 

SD-14 960124-SD14-09 270B-SD005 24-Jan-96 B.O 

'[·;~;"@2:·jW;.,<;.? ;'?/>/ .. R~f~~i:ihC:e te~~IJ . is; 
Note: * = Sample number prefix: 2708-

BTEX = benzene, toluene, ethylbenzene, and xylenes 
brbs = below river bottom surface 

TPH-G 

Gasoline .[ Diesel Oil Gasoline 

ND>20 Detected Detected 

ND>20 ND>50 ND>100 

ND>20 ND>50 ND>100 

ND>10 

ND>20 Detected Detected 

ND>20 ND>50 ND>100 

Detected Detected Detected 300. 

ND>20 ND>50 ND>100 

ND>20 ND>50 ND>100 

44. 

ND>20 ND>50 ND>100 

110. 

ND>20 ND>50 ND>100 

ND>20 Detected ND>100 

ND>10 

ND>20 ND>50 ND>100 

ND>20 ND>50 ND>100 

ND>20 ND>50 ND>100 

ND>20 Detected ND>100 

!'U~N·'.·' .\' •..• «> I<}····.,···,·~.···.··,·············· ......... >< ..•..•.....•• 

EPA = U.S. Environmental Protection Agency 
HelD = hydrocarbon identification 
mg/kg = milligrams/kilogram 

TPH-41B.IM 

Diesel/Oil 

91. 

160. 

240. 

5,100. 

910. 

3BO. 

290. 

9.6 

2BO. 

96. 

. ' ........../ ......-.: .. 

Analytical Results I 
mg/kg (ppm) I 

EPA Method 8270 S1M EPA Method 8020 

I 
Carcinogenic Total Ethyl Total Benzene Toluene Xylenes PARs PARs benzene BTEX 

32.95 164.94 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND 

0.1 0.15 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND 

50.1 11B.1 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND 

306.6 1,153.6 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND 

44.16 101.43 ND>0.3 ND>0.3 ND>O.3 ND>0.3 ND 

0.73 2.2 ND>0.3 ND>0.3 ND>0.3 ND>0.3 ND 

5,04B. 26,40B. 22. 4.2 10. lB. 54.2 

2.46 10.B9 ND>0.3 ND>0.3 

299.9 B74.5 ND>0.3 ND>0.3 

556. 3,254. ND>0.3 ND>0.3 

59.5 124.94 ND>0.3 ND>0.3 

44. 94. 

833. . 5,471. 1.B ND>0.3 

7.95 2B3.34 ND>0.3 ND>0.3 

4.13 9.57 ND>0.3 ND>0.3 

1.6 5.62 ND>0.3 ND>0.3 

5B.4 569.38 ND>0.3 ND>0.3 

0.23 0.72 ND>0.3 ND>0.3 

3.27 8.36 ND>0.3 ND>0.3 

0.7 1.37 ND>0.3 ND>0.3 

0.1 0.15 ND>0.3 ND>0.3 

0.69 1.5 ND>0.3 ND>O.3 

i······/·{L .•• ·•· ••• ·.··.·.·./· ...), ..... ).,/ .........•. ............ ,., .•..•... ,.{' .. \ ...... '., ..•. · .... ·.·.······:ij· 
ND = not detected above detection limit indicated 
ODEQ = Oregon Department of Environmental Quality 
PAlls = polynuclear aromatic hydrocarbons 

ND>0.3 ND>0.3 ND 

ND>O.3 ND>0.3 ND 

1.3 1.3 2.6 
.. 

ND>0.3 ND>0.3 ND 

6.2 6. 14. 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>O.::l ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

ND>0.3 ND>0.3 ND 

\i.:?~·.····,· .. >;;i: (·j> •. ,··· .. S:\/}.·.··· I •• "' .•• ' •• ) <.o···.r·· ....•.. · .. 
ppm = parts per million 
TPH = total pelOleum hydrocarbons 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area, Aprill998. I 
I 

Updated: 9125/98 RBE 
File Name: 2708.J Sed Results (W.R.) 
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Project #2708 

EPA Method EPA Method 
415.1 6010 
Total 

Total 
Organic 
Carbon Lead 

17,000. 32. 

2.3 

1B,500. 9.3 

20. 

5,400. 25. 

10. 

120,000. 35. 

2.B 

41,000. 47. 

26 . 

34,000. 20. 

2B,000. 

10. 

9,600. 2.B 

7.B 

B30. 5.1 

6.3 

5,000. 10. 

6.6 

4,BOO. 13. 

8,000. 13. 

2.6 

riC',····· · .. 450 
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TABLE J-2 - Summary of Analytical Results for Sediment Samples: Willamette River 
P AHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

PAHs by EPA Method 8270 (81M) Analytical Results .1 
mglkg (ppm) . 

Carcinogenic PARs Non-carcinogenic PARs ! 
W N Q) Q) 11 I1l ..0 dl Q) ~ ~ :::; 

1-0 ~ ~ Q) Q) "'" 

..0 ~ Q) Q) ~ 1-0 Q) Ii 0... ,..., "\il Q) ..c: -5 1-0 0..>' C u ....... () ~ ..a QJ .""" ..... c.! CIS c: c: (1) ~.-.. - c:: 

Project No. 2708 

~ ~ '--" 1-0 cd d ~ ~ "tS Q) ~ i Q) 
0..0 ..c:..c: 1-0 1-0 Q) cd U Q) ~ Q) • Q) bJl 

.:;; E Q) ~o.. ~ g g s:. ~ oJ c ~ o..~' Q) ~ g cd .... ..., ~............ 0.. ...c:~, Q) ..., Q) ~ Q) ~ Q) ..... fIJ ...., ... cd Q) w -- -- cd·~..c:...c: ~..... I Q) 1-0 u::r: 
['f.l Z 0 Q Oil ;c :2 Oil ~ '--" 8- :;::. :;:: Q) fn -5 Q): ca:S @ <t: 

Q) Q) Q) Q) '--" '--" '--" '--" Q) £ 0 0.. 0.. ~ '--" C c:. ....c: c: Q) " '" 
$i ~ - - 0 0 0 0 tt.l t:: CIS tIj ";... 0 ~ Q) I ~ ttl ......, too'-4 

S S S S ~ ~ ~ ~ ~ ~ ~ ~ ~ -5 ~ g g.]. ~ ~ "§ "§ cd oj oj cd Q) Q) Q) Q) ..... ..... C ~ u i:1 Q) _ _ w ...c: >. 0 0 
['f.l ['f.l ['f.l ['f.l III III III III Q 0 ...... oq; <t: <: III Ii< Ii< I Zo...o... E-< E-< 

Northwest Natural Sediment Investigation Data: 

SD-4 2708-960123-SD4-01 23-Jan-96 0.5 5.6 6.8 2.7 5.6 7.8 0.65 3.8 5.9 0.59 4.9 6.1 19.9 4.8 I 32.2 34.6 23. 33. 165. 

SD-4 2708-960123-SD4-11 23-Jan-96 9.5 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ~D>0.05 ND>0.05 ND>0.05 ND ND 

SD-5 2708-960123-SD5-01 23-Jan-96 0.5 8.4 9.3 3. 11.1 11.2 1.3 5.8 4.3 ND>0.05 4. 9.9 13. 2. r 1.6 14.8 18.4 50.1 118. 

SD-5 2708-960123-8D5-09 23-Jan-96 8.0 52.7 56.8 20.6 64.5 72.5 6.6 32.9 45.8 2.3 63.4 47.1 174. 28.9 6.5 266. 213. 307. 1,154. 

SD-6 2708-960123-SD6-01 23-Jan-96 0.5 6.6 9.4 3.7 9.7 8.8 0.86 5.1 1.3 0.65 2. 8. 18.2 0.75 I 0.37 3.5 22.5 44.2 101.4 

SD-6 2708-960123-SD6-09 23-Jan-96 8.0 0.096 0.14 0.056 0.17 0.15 ND>0.05 0.12 0.054 ND>0.05 0.072 0.21 0.34 ND>0.05 i 0.06 0.26 0.47 0.7 2.2 

SD-7 2708-960123-SD7-01 23-Jan-96 0.5 840. 930. 350. 1,000. 1,300. 98. 530. 1,600. 140. 1,100. 820. 3,000. 800. 15,100. 5,400. 3,400. 5,048. 26,408. 

SD-7 2708-960123-SD7-05 23-Jan-96 8.5 0.37 0.45 0.18 0.52 0.64 ND>075 0.3 0.25 0.24 0.51 0.49 1.4 0.24 I 1.4 2.1 1.8 2.5 10.9 

SD-8 2708-960123-SD8-01 23-Jan-96 0.5 49. 59. 21. 69. 58. 6.9 37. 21. 6.7 28. 57. 160. 12. t 3.9 96. 190. 300. 875. 

SD-8 2708-960123-SD8-10 23-Jan-96 9.0 120. 100. 36. 110. 140. 10. 48. 170. 13. 190. 75. 340. 120. 580. 770. 440. 564. 3,262. 

SD-9 2708-960124-SD9-01 24-Jan-96 0.5 8.7 12. 4.5 14. 11. 1.4 7.9 1.6 1.5 2.6 12. 18. 0.83 I 0.81 8.1 20. 59.5 124.9 

SD-9 2708-960124-SD9-02 (Dup) 24-Jan-96 0.5 6.5 8.6 3.3 10. 8.8 1.1 5.9 1.1 0.88 1.5 9.6 14. 0.45 I 0.73 5.1 16. 44.2 93.6 

SD-9 960124-SD9-06 24-Jan-96 4.5 150. 160. 57. 180. 180. 16. 90. 460. 28. 230. 140. 540. 190. ~,500. 1,000. 550. 833. 5,471. 

SD-IO 2708-960123-SD10-01 23-Jan-96 0.5 2.1 1.3 0.5 1.1 2.4 0.1 0.46 16. 190. 5.5 0.69 12. 11. I 0.096 31. 9.1 8. 283. 
I 

SD-IO 2708-960123-SDI0-09 23-Jan-96 7.5 0.64 0.82 0.29 0.84 1. 0.085 0.45 0.1 0.093 0.18 0.67 1.5 ND>0.068 ND>0.068 1. 1.9 4.1 9.6 

SD-ll 2708-960123-SD11-01 23-Jan-96 0.5 0.25 0.32 0.12 0.32 0.38 ND>0.066 0.21 0.34 ND>0.066 0.21 0.33 0.87 0.39 ND>66 1.1 0.78 1.6 5.6 
I 

SD-11 2708-960123-SD11-03 23-Jan-96 2.0 17. 8.1 3.7 5.3 16. ND>0.074 1.3 40. 0.38 58. 1.6 100. 66. ND>.074 260. 74. 51.4 651.4 

SD-12 2708-960124-SD12-01 24-Jan-96 0.5 ND>0.05 0.067 ND>0.05 0.055 0.053 ND>0.05 0.055 ND>0.05 ND>0.05 ND>0.05 0.11 0.13 ND>0.05 ND>0.05 0.06 0.19 0.2 0.7 

SD-12 2708-960 124-8D 12-04 24-Jan-96 3.0 0.38 0.66 0.22 0.83 0.53 0.063 0.59 0.055 0.049 0.13 1.2 1.1 ND>0.05 1 0.058 0.39 2.1 3.3 8.4 

SD-13 2708-960124-8D13-01 24-Jan-96 0.5 0.097 0.15 0.066 0.13 0.17 ND>0.05 0.085 ND>0.05 ND>0.05 0.044 0.14 0.2 ND>0.05 :t:T1J>0.05 0.079 0.21 0.7 1.4 

SD-14 2708-960124-SD14-01 24-Jan-96 0.5 ND>0.05 0.049 ND>0.05 0.051 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 0.054 ND>0.05 ND>0.05 ND>0.05 ND>0.05 ND>0.05 0.1 0.2 
I 

SD-14 2708-960124-SD14-09 24-Jan-96 8.0 0.16 0.12 0.054 0.13 0.18 ND>0.05 0.047 ND>0.05 ND>0.05 0.067 0.06 0.22 ND:>0.05 ~D>0.05 0.12 0.31 0.7 1.5 

I> .... ··i ..••.••....... .<X ...•. ..... .... .<X.< " ..... c·' .•...•..• ·Ref~fence ~:J~l<~; 1\ ·1.3 '.. ....<)~.? .• ' ., 3:2 ....•.... ·1'· ...•.. ·l:!ii .... . ,.1;~ . . •... 0~23 .' •••.. '>().§.} 1;();5)\ >6;~~ ( ?O;~6.>.t():~'7'< I 1\7/.,.0;5.4/ j ..iff ,,1.5 .... . .•... 2J:; .....•. .•... .. . # it' 

Note: # = Cleanup level not established 
brbs = below river bottom surface 

EPA = U.S. Environmental Protection Agency 
mg/kg = milligramslkilogram 

ND = not detected above detection limit indicated 
PAIls = polynuclear aromatic hydrocarbons 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area, April 1998. 

Updated: 9/25/98 RBE 
File Name: 2708-J Sed Results (W.R.) 
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ppm = parts per million 
BOLD = De~cted above Heference Level 
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TABLE J-2 - Summary of Analytical Results for Sediment Samples: Willamette River 
P AHs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

PARs by EPA Method 8270 (SIM) 

Q ..... ... 
s:: 0) 

0 ~ 
'.p 8 rn ::s .... 
U) z 

Q) 0) 

'a 'a 
S S 
rn rn· 

U) rI1 

Ul 
~ ... 
~ .... 

Q) 

~ 
~ 

...c: 
0) .... .... 0-
oj Q) 

Q Q 
Q) .!!l P. 0-
S S 
o:! rn 

rf1 rI1 

Selected EPA Portland Harbor Sediment Investigation Data 

SD057 

SD057 

SD058 

SD059 

SD060 

SD061 

SD062 

SD063 

SD064 

SD065 

SD066 

SD067 

SD068 

SD069 

SD070 

SD071 

SD071 

SD072 

SD072 

SD073 

SD075 

SD077 

•................. 

Note: 

WR-SD-SD057 -0000 20-Sep-97 0.1 

WR-SD-SD057-0000A 20-Sep-97 0.0-2.5 

WR-SD-SD058-0000 20-Sep-97 0.1 

WR-SD-SD059-0000 20-Sep-97 0.1 

WR-SD-SD060-0000 20-Sep-97 0.1 

WR-SD-SD061-0000 20-Sep-97 0.1 

WR-SD-SD062-0000 20-Sep-97 0.1 

WR-SD-SD063-0000 20-Sep-97 0.1 

WR-SD-SD064-0000 20-Sep-97 0.1 

WR-SD-SD065-0000 20-Sep-97 0.1 

WR-SD-SD066-0000 20-Sep-97 0.1 

WR-SD-SD067 -0000 20-Sep-97 0.1 

WR-SD-SD068-0000 20-Sep-97 0.1 

WR-SD-SD069-0000 20-Sep-97 0.1 

WR-SD-SD070-0000 20-Sep-97 0.1 

WR-SD-SD071-0000 20-Sep-97 0.1 

WR-SD-SD07IA-0000 20-Sep-97 0.0-2.5 

WR-SD-SD072-0000 20-Sep-97 0.1 

WR-SD-SD072A-0000 20-Sep-97 0.0-2.5 

WR-SD-SD073-0000 20-Sep-97 0.1 

WR-SD-SD075-0000 20-Sep-97 0.1 

WR-SD-SD077 -0000 20-Sep-97 0.1 

< ....•. ····C· .....••••• .•.•....... <~ ~feience~~~rl-; 

# = Cleanup level not established 
brbs = below river bottom surface 

Carcinogenic PARs 

~ 

dl 0) 

~ s:: 0) 

s:: 0) 0) 

0) ...c: ..c: 
t) .... .... 
rn s:: s:: 0) ... rn o;j ~ ...c: ... ... 

0 0 
0) .... ... 

!:: ::s ::s » rn t;:: t;:: 0-

~ e g ~ 
~ ~ 

0 0 0 0 
N N N N 
s:: s:: s:: s:: 
0) Q) 0) 0) 

I:Q I:Q I:Q I:Q 

0.16 0.17 0.17 0.23 

0.95 1.2 1. 1.2 

0.19 0.18 0.22 0.31 

0.1 0.095 0.093 0.12 

0.33 0.41 0.34 0.51 

0.29 0.31 0.24 0.33 

72. 33. 14. 57. 

4. 3.1 3.2 5.1 

28. 23. 14. 40. 

18. 14. 12. 23. 

0.36 0.3 0.29 0.41 

14. 12. 10. 15. 

6.3 3.9 5.4 8. 

4.8 1.9 1.4 2.4 

2.9 1.1 1.2 1.4 

0.04 0.044 0.039 0.04 

0.13 0.15 0.092 0.1 

0.7 0.8 0.63 0.98 

1.1 0.46 0.69 0.66 

0.024 0.025 0.028 0.024 

1.5 1.1 1.1 1.3 

0.74 0.7 0.67 0.89 

.•..•..• ·.·1.3<· ....3:2. ... ~3:2.· •••... cl,:6< 

EPA = U.S. Environmental Protection Agency 
mg/kg = milligramslkilogram 

Q) 

~ 
Q) 

'" C ...c: 
C,) 

0.22 

1.4 

0.23 

0.14 

0.44 

0.38 

100. 

5.6 

36. 

23. 

0.47 

17. 

8.6 

6.3 

3.2 

0.056 

0.21 

1.1 

1.5 

0.036 

1.7 

0.92 

• ·'1:4 . .. _-

Q) 

~ 
Q) 
c.> 
oj ... 

...c: .... 
~ 
oj 

::a 
oj 
~ 

0 
N 
s:: 
Q) 

~ 

is 

0.045 

0.2 

0.053 

0.025 

0.098 

0.065 

9.2 

1. 

6.2 

3.8 

0.071 

2.5 

1.5 

0.39 

0.21 

ND>0.02 

0.023 

0.16 

ND>.l1 

ND>0.02 

0.22 

0.14 

•••· •. ·Ct23<. ">"-~ 

Analytical Results I 
mglkg (ppm) I 

Non-carcinogenic PAHs I 
I 

Q) 

!:: 
0) ... Q) » ~ 0- Q) 

::a Q) ~ c.> ~ 

00 
Q) Q) 0) s:: 0-

c-f 0) >, 0) .-.. ...c: -5 s:: :.a M .... 0) ....., ...c: ...c: t) ~ 
0 0- 0- aj 

rn oj ... 0 s:: 
!:: ~ ..c: N Q) 

"0 0) Q) .... s:: 
s:: < c.> ~ 

Q) 

...... .:t: I:Q 

0.14 0.11 ND>0.019 0.21 0.17 

1.4 0.41 0.087 0.29 1.8 

0.19 0.045 0.02 0.041 0.24 

0.079 0.073 ND>0.02 0.055 0.097 

0.31 0.06 0.057 0.09 0.4 

0.19 0.063 0.024 0.082 0.22 

12. 15. 0.56 2.4 40. 

3. 2.6 0.37 3.4 3.6 

19. 5l. 3.4 26. 24. 

10. 15. 3.6 17. 13. 

0.22 0.22 0.034 0.21 0.27 

9.5 11. 2. 13. 13. 

4.2 15. 0.74 6. 5.9 

1.1 5.6 0.18 22. 1.1 

0.52 11. 0.064 8. 0.46 

0.022 ND>0.02 ND>0.02 ND>0.02 0.028 

0.056 0.22 ND>0.02 0.075 0.064 

0.56 1.5 0.085 0.44 0.6 

0.31 7.2 ND>O.11 3.1 0.34 

ND>0.02 ND>0.02 ND>0.02 ND>0.02 ND>0.02 

0.73 3.8 0.14 1.3 0.81 

0.38 2.4 0.14 0.42 0.42 

l/.·.;P,~jL .... ·.··O;Q •.. \0;56;··· Oi96 .. ... . 0:67· 

ND = not detected above detection limit indicated 
PARs = polynuclear aromatic hydrocarbons 

! 
I 

I 
I ., 
i 

0) 
Q) 

~ s:: Q) 
0) ..c: o;j .... 0) 

s:: s:: ..c: rn 0). .... ... ... ..c: 0 0 
::s ::s 0-

rz rz ·rn 
Z 

I 
I 

0.41 0.11 0.062 

4.2 0.13 
I 

0.23 

0.34 0.033 I 0.09 

0.29 0.061 ' 0.054 

0.79 0.056 0.16 

0.91 0.061 I 0.04 

4.7 20. I 1.9 

11. 2.4 I 1.2 . 
110. .22. I 130. 

72. 10. 20. 

1.1 0.12 I 0.32 

45. 9.4 j 13. 

20. 4.9 I 0.79 

22. 6.7 0.2 

19. 11. 0.51 

0.11 ND>0.02 I 0.036 

0.44 0.16 0.096 

1.5 0.96 I 0.21 

7.2 5. I 0.2 

0.071 ND>0.02 0.024 

3.5 2.4 0.35 

1.7 1.4 0.3 , 
··1.7 .... .·<O~54 •.. ) t .•• 2.1:~ ___ 

ppm = parts per ·million 

Project No. 2708 

'" ::r:: 
.:t: p.. 
t) 

'a 
0) 
bJl Q) 

s:: 0 
0) s:: .... '" ... t) ::r:: ...c: ... .... rn .:t: s:: 0) C) 0... rn 
s:: s:: o;j o;j 0) 
0) ... .... .... ...c: 0::- 0 0 p.. E-< E-< 

0.44 0.37 1.1 3. 

2.3 5.6 7.4 22.4 

0.15 0.38 1.4 2.7 

0.27 0.25 0.7 1.8 

0.45 0.82 2.4 5.3 

0.42 0.69 1.8 4.3 

150. 140. 297. 672. 

17. 18. 25. 84.6 

17. 120. 166. 670. 

100. 80. 104. 434. 

1. 0.99 2.1 6.4 

64. 54. 80. 304.4 
.. 

33. 26. 37.9 150.2 

31. 17. 18.3 124.1 

40. 17. 10.5 117.6 

0.06 0.087 0.2 0.6 

0.44 0.43 0.8 2.7 

1.8 1.6 4.9 13.6 

16. 6.6 4.7 50.4 

0.054 0.057 0.1 0.3 

5.5 3.3 7.7 28.8 

2.2 2.5 4.4 15.9 

· •. {5. • ... ·2;(V • # # 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area, April 1998. 

BOLD = DeTted above Reference Level 
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TABLE J-2 - Summary of Analytical Results for Sediment Samples: Willamette River 
PARs by EPA Method 8270 
Remedial Investigation 
Northwest Natural- Gasco Facility 
Portland, Oregon 

PAHs by EPA Method 8270 (SIM) 

Carcinogenic PAHs 

00 .. 
.D il:l Q) ... i=: i=: .D Q) 

i=: Q) OJ .., 
OJ ..c: ..c: Q Q) u .., .., .... ... ~ 0:: C i=: OJ 

c Q) ~ ... 0:: 0:: i=: 
0 .D ..c: ..c: ... ... OJ 
,~ a OJ 

..., ..., 0 0 ... .., .., a. c :::l :::l >. 
0:: :::l 0:: Q) 0:: r:;:: r:;:: a. ..., 

U'J Z Q Q ~ ::0- ~ ~ 
Q) 

i=: Q) Q) Q) Q) ~ ~ ~ ~ Q) 

i5. i5. i5. i5. 0 0 0 0 <1l 
N N N N >. a a a a c C i=: i=: ... 

ctS I!! I!! 0:: OJ Q) OJ OJ ..c: 
U'J U'J U'J U'J p::) p::) p::) p::) Q 

Selected US Anny Corps of Engineers Sediment Investigation Data - Willamette River 

WR-BC-22 WR-BC-22 25-Jul-97 0.25 67. 51.5 51.5 99. 86. 

Selected US Anny Corps of Engineers Sediment Investigation Data - U.S. Moorings SitE 

M-P-1 M-P-1 14-Jun-94 0.25 2.5 2 - 4. 2.5 3.1 

M-P-2 M-P-2 14-Jun-94 0.25 2. 2 3.5 - 2.3 2.3 

M-P-3 M-P-3 14-Jun-94 0.25 4.2 2 7.6 - 4.6 4.7 

M-P-4 M-P-4 14-Jun-94 0.25 2.4 4.6 3. 2.8 - 2 

M-P-5 M-P-5 14-Jun-94 0.25 1.8 - 2 3.3 2,1 2.1 

M-P-6 M-P-6 14-Jun-94 0.25 1.4 2 - 2.6 1.9 1.6 

M-P-7 M-P-7 14-Jun-94 0.25 1.1 2 - 2,2 1.6 1.2 

M-P-8/9 M-P-8/9 14-Jun-94 0,25 1.3 - 2 2.4 1.7 1.4 

M-P-10/12 M-P-10/12 14-Jun-94 0.25 2.2 - 2 4,3 2.7 2.1 

M-P-11113 M-P-11113 14-Jun-94 0.25 0.91 2 - 1.8 1.2 1. 

M-P-14116 M-P-14116 14-Jun-94 0.25 1. - 2 1.9 1.3 1.2 

M-P-15 M-P-15 14-Jun-94 0.25 3.3 - 2 4.4 2.2 3.5 

M-P-17/18 M-P-17/18 14-Jun-94 0.25 0.96 - 2 1.8 1.2 1.1 

M-P-19/20 M-P-19/20 14-Jun-94 0.25 0.63 2 1.2 0.78 0.73 

M-P-21 M-P-21 14-Jun-94 0.25 

M-1 M-1 12-0ct-89 0-6.5 

M-2 M-2 12-0ct-89 0-6.5 

M-3 M-3 12-0ct-89 0-6.5 

....• < .::'.:.;. .... ..: .:. ~·c':: 
' ...... ::. : .... .: .c ....•...•.•. '.' : •....•... 'c' .,. 

.... /ReferenceLevel ~~::> 

Note: # = Cleanup level not established 
brbs = below river bottom surface 

-
1.3 - 2 2.6 1.8 

4.7 - 2 6.8 5.5 

3.6 - 2 4.9 4.1 

4.4 - 2 5.7 4.6 

1.3 ··.3,2···· :R2. '. 1.6 
- -- ------_._-

EPA = U.S. Environmental Protection Agency 
mglkg = milligramslkilogram 

1.5 

5.9 

4.8 

5.3 

<lk. 
- -- --

Q) 

c 
Q) 
u 
0:: ... 

..c: .., 
i=: 
0:: 

:2 
0:: 
~ 

0 
N 
C 
Q) 

.D 

0 

9.1 

0.33 

0.34 

0.73 

0.47 

0.33 

0.234 

0.3 

0.24 

0.5 

0.18 

0.19 

0.23 

0.09 

0.061 

0.19 

0.76 

0.5 

0.83 

\~~~3(.· 

Analytical Results 
mg!kg(ppm) 

Q) 

c e 
>. a. 

;0 Q) 

C u Q) 

d:> c OJ 

c:-f Q) >, Q) ..c: ..c: c ,... ..., .., 
Q) 

~ ..c: ..c: u 
0 a. a. 0:: 
C 0:: 0:: ... 

c c ..c: OJ 
'0 OJ OJ 

.., 
u u .;! c .... -< -< 

74. 79. 8.5 77. 

2.3 - 0.17 0.81 

2.1 - 0.17 0.86 

4.9 - 0.35 1.2 

2.8 - 0.19 0.89 

1.9 - 0.12 0.56 

1.6 - 0,096 0.42 

1.7 - 0.077 0.4 

1.5 - 0.088 0.32 

2.3 - 0.053 0.42 

1. - 0.05 0.21 

1.1 - 0.072 0.26 

1.5 - 0.099 0.92 

9.9 - 0.055 0.5 

0.63 - 0.05 0.16 

2.2 - 0.12 0.42 

3.9 - 0.47 5.5 

2.4 - 0.5 5.4 

3.2 - 0.3 5.4 

••. VQ;§.}.< /.o.li .. :.}. /0»6. .. ' ··.···.0.96. 

ND = not detected above detection limit indicated 
PAIls = polynuclear aromatic hydrocarbons 

1 = Reference Levels based on Sediment Screening Levels provided within Draft Dredged Material Evaluation Framework, Lower Columbia River Management Area, April 1998. 
2 = All Pre-1997 U.S. Army Corps of Engineers Data combines Benzo(b) and (k) fluoranthene as one value. 

Updated: 9/25/98 RBE 
File Name: 2708-J Sed Results (W.R.) 

Project No, 2708 

Non-carcinogenic PAHs I 

i <1l :r: 
-< p.. Q) 

c I 
U 

Q) I ';:: t> Q) 

Q) Q) I:lO 
a. Q) Q) c 0 

i=: C OJ i=: 
<1l ~ OJ Q) ... '0 :r: :a ..c: 

i ~ ..c: ... 
I:lO ... Q) +> 0:: -< C ~ C 

I ..c: c Q) Q p.. 
0 I!! Q) 

I 
+> ctS C 

N ... ... ..c: c ~ «i 0 0 Q) 
C :::l :::l a. Q) ... .., .., 
OJ 0:: ..c: £ 0 0 r:: r:: z p::) Il. E-< E-< 

i 

76. 250. 44. I 5.3 180. 260. 438.1 1,417.9 
I 

1.5 6. 0.6 0.17 4.2 6.4 15.2 35.1 

1.4 5.1 0.47 I 0.18 4.4 5.6 12.5 30.7 

3. 11. 0.64 I 0,32 5,1 11. 26.7 59.3 ! 

1.8 5,8 0.3 I 0.28 2.8 6. 16.1 34.1 

1.1 4.5 0.31 i 0.15 2.3 4.5 11.5 25.1. 

0.93 3. 0.18 I 

, 0.13 1.5 3.2 9.3 18.8 ! 

1.1 2.4 0.12 I 0.092 1.2 2.7 8.1 16.2 

0.79 2.4 0.14 0.11 1.2 2.6 8.5 16.2 

1.1 3.5 0.22 0.099 1.7 3.4 14.1 24.6 

0.51 1.8 0.11 I 0.065 0.89 1.7 6.1 11.4 

0.6 2.1 0.15 ! 0.091 0.98 2.1 6.7 13. 

0.76 12. 1.3 0.12 6.5 9.2 15.1 46. 

0.51 2.2 0.15 I 0.1 1. 2.4 15.1 22. 
"_.r 

0.37 1.4 0.092 0.061 0.64 1.5 4. 8.3 

1. 3.5 0.21 I 0.15 1.7 1. 9.6 17.7 

5.7 20. 5.3 21. 29. 27. 27.6 141.5 

3. 13. 4.6 0.55 23. 19. 20.3 89.4 

4.9 12. 3.9 I 0.84 21. 20. 24. 92.4 

0.6'7< :. 11·7<;::·· ·.···0.54 .... ) .. 2.1 . '1.5 '.' '.' '2,6 .#". "'it 

ppm = parts per million 
BOLD = Detected above Heference Level 
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October 13, 1995 

Rob Ede 

PAUL CARLSON ASSOCIATES, INC. 
Industrial Hygiene Consultants 

4511 S.E. Hawthorne Blvd. 

Suite213 
Portland. Oregon 97215 

(503) 232-0200 FAX (503) 230-0259 

Hahn and Associates, Inc. 
434 NW 6th Avenue, Ste. 203 
Portland, Oregon 97209 

Re: Chemical Exposure Monitoring 

INTRODUCTION 

This report summarizes the results of exposure monitoring conducted September 19 - 21, 1995 
during soil sample acquisition at the Northwest Natural Gas, Gasco Facility, 7900 NW St. Helen's 
Road in Portland, Oregon. Sampling was conducted to ensure adequate personal respiratory 
protection during drilling and sampling of potentially contaminated soil. 

METHODOLOGY 

Representative full-shift breathing zone concentrations of Polynuclear Aromatic Hydrocarbons 
(PAHs), Aromatic Hydrocarbons (BTEX), metals, total particulate, and cyanide were measured on 
personnel performing various tasks on the remedial site investigation. These included the driller, 
driller's helper, driller's third hand, and geologist. The specific test bore location, position monitored, 
and analyte were determined by Hahn and Associates, Inc.. Subsequent analysis was performed 
by Clayton Environmental Consultants, an AIHA accredited laboratory. Analytical results from the 
laboratory are attached. 

LEGAL REQUIREMENTS 

The Oregon Occupational Safety & Health Administration (OR-OSHA) has adopted Permissible 
Exposure Limits (PEL's) to protect the health of employees. Three types of limits have been 
established: Time Weighted Average (TWA), Excursion (E) and Ceiling (C) limits. The TWA's act 
as an eight hour average such that exposures over the TWA at times during the work shift can be 
compensated by exposure time below the TWA. Excursion's in worker exposure levels may exceed 
3 times the TWA for no more than a total of 30 minutes during a workday, and under no 
circumstances exceed 5 times the TWA, provided that the TWA is not exceeded. The ceiling is 
assessed as a 15-minute time weighted average exposure and measured during peak exposure 
periods. Only the TWA applied in this survey since no job task during this project subjected 
workers to short duration peak exposures. The PEL's are expressed in units of milligrams (mg) 
or micrograms (ug) per cubic meter (mg/m3 or ug/m3

) of air of dusts, gases, mists, and fumes, and 
parts per million parts (ppm) of air by volume of vapor or gas. Some of the PAH compounds have 
no established PEL as indicated in Table I. 

Cyanide and toluene carry a "skin designation" in the PEL, meaning that skin absorption can 
contribute significantly to overall exposure. Appropriate skin protection should be considered when 
handling such chemicals. 
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Arsenic, benzene, cadmium, and lead are regulated substances that require additional methods of 
compliance. OR-OSHA has established a 8HR-TWA "action level" for these substances, a level 
triggering other protective provisions such as exposure monitoring and medical surveillance . 
Generally, the provisions will require all affected employers to use engineering and other work 
practices as the primary method of compliance once an employee is exposed above the PEL on a 
total of 30 or more working days a year. In addition, where the PEL is exceeded, the employer shall 
establish and implement a written compliance program to reduce employee exposure at or below 
the PEL. Where engineering and work practice controls do not reduce employee exposures at or 
below the PEL, the employer shall supplement these controls with respirators, requiring a written 
respiratory protection program. 

RESULTS 

Chemical exposure sampling results have been tabulated as follows: 

Table I Polynuclear Aromatic Hydrocarbons (PAHs) 
Table II BTEX (benzene, toluene, ethyl benzene, xylene) 
Table III - Metals (antimony, arseniC, beryllium, cadmium, chromium, 
copper, lead, nickel, selenium, silver, titanium, zinc) 
Table IV - Total Particulate 
Table V Cyanide 

Each sample record in the tables indicates the person monitored, job position, test bore number 
during sampling, analyte, exposure concentration, and applicable PEL. All exposures were below 
their respective PEL's and applicable "action level's", and at times below the limit of detection for the 
analytical method. The latter case is denoted by a "<" preceding the reported exposure 
concentration in the table. Sampling was not conducted continuously over an 8-hour work shift so 
daily average exposures would likely be lower. 

FINDINGS AND RECOMMENDATIONS 

Based on the results of the sampling, the following findings and recommendations are made: 

1. All monitored chemicals were below their respective legal standards. 

2. While Level C respiratory protection is not required based on the monitoring results, this level 
of protection is recommended where unknown hazards exist based on the level of ground 
contamination. This judgement should be made by the geologist or knowledgeable individual familiar 
with the hazards at this site. 

3. As a minimum safeguard, it is recommended that workers wear appropriate body protection 
to reduce the hazard of chemical absorption through the skin. 

It has been a pleasure assisting you on this project. Please call if you have any questions . 

Brad Johnson 

Enclosures 

Page 2 

-.~ ~'" :', - .. '. 

Koppers022852 



. j 

. , .. , 

., 

',"', 

·1 

i. 1: 
:1 
l-.J 

II 
;j 

'o...J 

: 1 

: I' 
I . 
"{ J 

lJ 
:J 

.' 

'J 

... r 

: I 
u 

Acenaphthene 
Acenapthylene 

Anthracene 
Benzo (a) anthracene 

Benzo (b) fluoranthene 
Benzo (k) fluranthene 
Benzo (g,h,i) perylene 

Benzo (a) pyrene 
Chrysene 

Dibenzo (a,h) anthracene 
Fluoranthene 

Fluorene 
Indeno(1,2,3-cd) pyrene 

Naphthalene 
Phenanthrene 

P rene 

......... ..... . 

9/19/95 
708317084 

Table I 
Hahn and Associates, Inc . 

PAHs Exposure Summary 
NIOSH Method 5506 

TesFsrire.No: 
.:.'. ':' . Tin,eOn: 

John Henson 
Driller's 3rd Hand 

..... ··.··TimeOff: 
.....• '.. ..TotafMi ri: 

< 0.5 < 0.5 
< 0.2 < 0.2 
< 0.02 0.17 

0.03 < 0.02 
0.03 < 0.03 

< 0.02 < 0.02 
0.05 < 0.02 
0.03 < 0.02 
0.05 < 0.02 

< 0.02 < 0.02 
0.08 < 0.02 

< 0.02 < 0.02 
0.06 < 0.02 

< 0.2 80 
0.1 2.0 
0.08 0.02 

< 0.9 
< 0.3 

0.17 
0.03 
0.03 

< 0.03 
0.05 
0.03 
0.05 

< 0.03 
0.08 
1.9 
0.06 

80 
2.2 
0.09 

NE 
NE 
200 
NE 
NE 
NE 
NE 
200 
200 
NE 
NE 
NE 
NE 

50,000 
200 
200 

B18,B19 
10:00 
15:16 
316 

600 

600 
600 

150,000 
600 
600 

§~rrml~riatE!: 9/20/95 
§~mpl~Nc>': 708717088 

Test Bore No: B27 
TimeOh: 12:36 
tim~bff: 15:27 

···.Tot~IMir:J: 171 
.. . Narne: Jerry Rogers 

PQ$iti6n: Driller's Helper 

Acenaphthene 
Acenapthylene 

Anthracene 
Benzo (a) anthracene 
Benzo (b) fluoranthene 
Benzo (k) fluranthene 
Benzo (g,h,i) perylene 

Benzo (a) pyrene 
Chrysene 

Dibenzo (a,h) anthracene 
Fluoranthene 

Fluorene 
Indeno(1,2,3-cd) pyrene 

Naphthalene 
Phenanthrene 

P rene 

NE = PEL Not Established 

...... ,' .. ...... . .... . ........ -......... . .... " ................................. . 

•••••••••••. ..... ...... : •••. §~tiJ~I~t{~~lJlj~(ijQliji3). . .() R"(:jSHAPEE 
. . •.. Filtet ." ••..•• Ti.lbe > ' •• \TQlal ••.••.•. · •..• <>]\'11,1\( lJglm~) .... .. ·~(IJ~!m~) /Q{1.I9mm··· 

< 0.9 
< 0.3 

0.12 
0.45 
0.66 
0.39 
1.7 
0.93 
0.27 
1.1 
0.93 
0.06 
0.81 

< 0.3 
0.69 
1.4 

< 9 <9 
< 0.3 < 0.6 

0.15 0.3 
< 0.03 0.45 
< 0.06 0.66 
< 0.03 0.39 
< 0.03 1.7 
< 0.03 0.93 
< 0.03 0.3 
< 0.03 1 .1 
< 0.03 0.93 
< 0.03 0.06 
< 0.03 0.81 
360 360 

3.6 4.2 
< 0.03 1.4 
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200 
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NE 
NE 
NE 
200 
200 
NE 
NE 
NE 
NE 

50,000 
200 
200 
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600 
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600 
600 
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Table II 
Hahn and Associates, Inc. 

BTEX Exposure Summary 
NIOSH Method 1501 

.. sampl~[)~t~: 
scirripleNo.: 

···Name: 
Position: 

Ancilyte 

8enzene 
Toluene 

Ethyl benzene 
Xylene 

Sample Date: 
Sample No.: 

Name: 
Position: 

. ·ArfCiIYt~ .... 

8enzene 
Toluene 

Ethyl benzene 
Xylene 

iS~rhpleD~te: 
SainpleNo.: 

Name: 
Position: 

8enzene 
Toluene 

Ethyl benzene 
Xylene 

9/19/95 
7081 
Jerry Rogers 
Driller's Helper 

Sample Results 
. ppm 

0.018 
0.007 
0.090 
0.046 

9/19/95 
7082 
Rob Ede 
Geologist 

Sample Results 
·PPi11 

0.064 
< 0.007 

0.03 
< 0.01 

9/20/95 
7086 
Jerry Rogers 
Driller's Helper 

Sample Results 
PPI11 

0.11 
< 0.01 

0.02 
< 0.03 

s::impleDate: 9121/95 
Sal11preNo~: 7091 

I> Name: John Henson 
I ....... .~9sitiQn:. Driller's 3rd Hand 

·Tesfl3oreN6:·· 
time On: 
Time()ff: 
TptitrMin: 

TWA (ppm) 

1 
100 (Skin) 

100 
100 

TesfBoreNo: 
Time On: 
Time Off: 

Total Min: 

TWA (PPl11l= ... 
1 

100 (Skin) 
100 
100 

TesrBor~No: 
Time. On: 
Time·Off: 

Total Min: 

1 
100 (Skin) 

100 
100 

Test Bore No: 
Time On: 
Time Off: 
Tot.iIMip; 

818,819 
10:00 
15:20 
320 

OR~OSHAPEL 
E:(pijm) ... C(PPrn) 

5 
300 
300 
300 

818,819 
10:00 
15:16 
316 

OR-OSHA PEL 
. Ehjprri) . 

827 
12:36 
15:27 
171 

5 
300 
300 
300 

OR~OSHAPEL 

500 

C(ppm) . 

500 

E(pprli) ··GJPPfTl) 

5 
300 
300 
300 

84,83,81 
08:15 
15:27 
432 

500 

... ...•. ...•.. .. ,. ·SaQ1pleR€!~ult~.· ..•. . •..•••• ? •.••. . ...... .....•• OR~OSHATpEI..·· •.••... .... . .•••.•.•.•.•.••....•.•••••.•...... 

• · •. ··•· •.. 8t:!~ly!¢ .....••.• I. ···..,PI1) ... . ... • .. :TWA(ppml •.• ><).· •• g(PPT)C •• · ··· .. «GJer>mY» 
8enzene 
Toluene 

Ethyl benzene 
Xylene 

0.02 
< 0.005 

0.02 
0.01 

:.r 
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Table III 
Hahn and Associates, Inc. 

Metals Exposure Summary 
NIOSH Method 7300 

.. . ... 

~an1PIEtDate: 9/21/95 
··Sai:ripleNo~: 7092 

. Name: Jerry Rogers 
} p()si{icm:. Driller's Helper :". 

........................... 
. TestSoreNo:. 

·TlmeQn: 
Time Off: 

Tot"I/Vli.,..: 

B4,B3 
08:17 
15:28 
431 

t :-:" '. ," .:~ I,:::' . :. . -:._~::~. _:.~ : -.:: ...... : ":"" 

":.: ··.:·.·: •.•.••.• · .. ·.·.·:: .•.... : .•.... A·.· .. ·.· .• n ... '.·.a·.· .. • .. ··.I·. ,it.,·.· •. ·e· ... ·.: ... : .......... , ...... :: ........ · ...... · ... , ..... · .. 5. am:.· •.. ::: .... (P.m·.·.·.··:·.I ... ·.e:·.g .. i.·.,R.··.m ..•.•... e .•. 3.·.·.·.s .•. ) ........ u ..... : ... I: ... t .. ·.~ .... : •.•.•.•...• : .•...•.•••••• : ..••.....•. : •.. : .... ::....... ·3 . OR~O§HA~E::L . 3 
:I' . ....... . .......JYVA('!Ig!rfiJ/.··E:(~ng/~J .C(mg/~J 

Antimony 
Arsenic 

Beryllium 
Cadmium 
Chromium 

Copper 
Lead 

Nickel 
Selenium 

Silver 
Titanium 

Zinc 

lAs Titanium Oxide 
2As Zinc Oxide 

< 0.009 
< 0.0009 
< 0.0005 
< 0.0002 
< 0.002 
< 0.002 
< 0.0009 
< 0.0005 
< 0.002 
< 0.0005 

0.005 
< 0.002 

0.5 
0.01 
0.002 
0.005 
0.5 
0.1 
0.05 
1 
0.2 
0.01 

101 

52 

Lead Exposure Summary 
NIOSH 7300 

9/19/95 
7080 
Bradley James 
Driller 

. "," ," ".. .-

Test Bore No: 
. Time On:· 

Tillledff:. 
··T<>ta.IMih: 

1.5 
0.03 
0.005 
0.015 
1.5 
0.3 
0.15 
3 
0.6 
0.03 

30 
15 

B18,B19 
10:00 
15:13 
313 

0.025 

••••••••••••••••••••••••• ~6#IY1¢:: •.• : .•...•.••••••• : ••••••......•••••••• ·~.~.T:(~~~~~ult~ .•.... · .•••.••••••• 1 •••.• : •••• "QNA •. (mg/rnrJ· .. : .. : ... :q~fJ.~~~.~~· .. q .. :(mg1m3}.: ••. : .. ... 

Lead < 0.001 0.01 I 0.03 I 
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Table IV 
Hahn and Associates, Inc. 

Total Particulate Exposure Summary 
NIOSH Method 0500 

9/19/95 
7079 
Area Sample 
6' Downwind of Drill Rig 

- TestB~reN(): ._-

-i:~::g~~-
- TotaFfJlin: 

B18,B19 
10:00 
15:18 
318 

--'S~-In(~~~)U-ltS'. -- ·····-···· •• -~~A--.(-~_.~1~3.) •. -.··· -.. · .... -8.R~1]~/~BE~ •.. -. • ••• ~ ••• (·rn.g/~~.) •• -
< 0.2 10 

Table V 
Hahn and Associates, Inc. 

Cyanide Exposure Summary 
NIOSH Method 7904 

9/21/95 
709317094 
Bradley James 
Driller 

< 0.007 < 0.01 
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Sample Identification: 

1Lab Number: 
. lsample Matrix/Media: 
.... Method Reference: 

7083/7084 
9509335-llA 
FILT SORBENT 
NIOSH 5506 

Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95093.35 

Clayton 
E~\'IRO;-",\IE:-' TAL 
CONSUL TA:\TS 

Date Sampled: 
Date Received: 
Date Analyzed: 
Analyst: 
Air Volume: 

Page 3 of 9 

09/19/95 
09/25/95 
09/27/95 
FHK 
639.9 (L) 

·t---------------------------------------------------------------------------------------------------------
Method 

,Compound 

~ . . ; 

1 

Filter 
(ug) 

!PolYD,uclear Aromatic Hydrocarbons 
I;'"~ i 

Acenaphthene <0.3 
: IAcenaPhthYlene <0.1 
: " .... Anthracene <0.01 

Benzo (a) anthracene 0.02 
i lBenzo(b)fluoranthene 0.02 

lBenzo(k)fluoranthene <0.01 
::.J Benzo(g,h,i)perylene 0.03 

Benzo(a)pyrene 0.02 
IChrysene 0.03 

'" IDibenzo (a,h) anthracene <0.01 
Fluoranthene 0.05 

, ' 

!Fluorene <0.01 
~Jlndeno (1, 2, 3 - cd) pyrene 0.04 

Naphthalene <0.1 
JPhenanthrene 0.07 

Pyrene 0.05 

Front 
(ug) 

<0.3 
<0.1 
0.11 

<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
1.2 

<0.01 
48 
1.3 
0.01 

Tube 

Less than the indicated limit of detection 
Information not available or not applicable 

J 
t 

oJ 

Back 
(ug) 

<0.3 
<0.1 
<0.01 
<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
3.4 

<0.01 
<0.01 

Total 
(ug) 

<0.6 
<0.2 
0.11 
0.02 
0.02 

<0.02 
0.03 
0.02 
0.03 

<0.02 
0.05 
1.2 
0.04 

51 
1.4 
0.06 

Concentration 
(ug/m3) 

<0.9 
<0.3 
0.17 
0.03 
0.03 

<0.03 
0.05 
0.03 
0.05 

<0.03 
0.08 
1.9 
0.06 

80 
2.2 
0.09 

Detection 
Limit 
(ug) 

0.3 
0.1 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.1 
0.01 
0.01 

Koppers022857 
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"sample Identification: 708717088 
9509285-02A 
FILT SORBENT 
NIOSH 5506 

, , 

! 
i 

, 

I 

, 

Lab Number: 
JsamPle Matrix/Media: 

"':'Method Reference: 

. .compound 

ipolynuclear Aromatic 
li j 

Acenaphthene 
fAcenaphthylene 
!Anthracene 

~ .. 
Benzo(a)anthracene 
;Benzo (b) fluoranthene 
:Benzo (k) fluoranthene 

~Benzo(g,h,i)perylene 
Benzo(a)pyrene 
'Chrysene 

Filter 
(ug) 

Hydrocarbons 

<0.3 
<0.1 

0.04 
0.15 
0.22 
0.13 
0.57 
0.31 
0.09 

~;;Dibenzo (a, h) anthracene 0.37 
Fluoranthene 0.31 

I "Fl ("': uorene 0.02 
t,Indeno (1,2,3 -cd) pyrene 0.27 
~aphthalene <0.1 
: "',Phenanthrene 0.23 , 

Pyrene 0.47 
~ 

~< : Less than the indicated limit of 
Information not available or not 

a Detection limit increased due 
""J 

:,j 

Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95092.85 

Front 
(ug) 

(3a 
<0.1 
0.05 

<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

110 
1.2 

<0.01 

Tube 
Back 
(ug) 

<0.3 
<0.1 
<0.01 
<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
11 
<0.01 
<0.01 

Total 
(ug) 

<3 

<0.2 
0.09 
0.15 
0.22 
0.13 
0.57 
0.31 
0.09 
0.37 
0.31 
0.02 
0.27 

120 
1.4 
0.47 

detection 
applicable 

to matrix interference. 

Clayton 
ENVIRONMENTAL 
CONSULTANTS 

Page 3 of 3 

Date Sampled: 
Date Received: 
Date Analyzed: 
Analyst: 
Air Volume: 

concentration 
(ug/m3) 

<9 
<0.6 
0.3 
0.45 
0.66 
0.39 
1.7 
0.93 
0.3 
1.1 
0.93 
0.06 
0.81 

360 
4.2 
1.4 

09/20/95 
09/21/95 
09/21/95 
FHK 
331.7 (L) 

Method 
Detection 

Limit 
(ug) 

3 a 
0.1 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.1 
0.01 
0.01 

Koppers022858 
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" Sample Identification: 
lLab Number: 
.:Sample Matrix/Media: 

.. J 

:-~ 

;,..--; 

Lab 
,No. Sample I.D. 

L j 

-01 7085-BLANI< 

fi.·j 

1-02 7081 
<..-1 

:....:.,J 

See Below 
9509258 

Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95092.58 

8M CHAR TUBE - -

Sample 
Volume Front Back 
(liters) Compound (mg) (mg) 

Benzene <0.002 <0.002 
Ethyl benzene <0.002 <0.002 
Toluene <0.002 <0.002 
Xylene <0.004 <0.004 

64.96 Benzene 0.037 <0.002 
Ethyl benzene 0.002 <0.002 
Toluene 0.022 <0.002 
Xylene 0.013 <0.004 

; .. iND: Not detected at or above limit of detection 
Information not available or not applicable 

Clayton 
ENVIRONMENTAL 
CONSULTANTS 

Page 2 of 2 

Date Sampled: 09/19/95 
Date Received: 09/20/95 
Date Analyzed: 09/21/95 

Analyst: FHK 

Method 
Detection 

Total Concentrati6n Limit 
(mg) (mg/rn3) (ppm) (mg) 

<0.002 0.002 
<0.002 0.002 
<0.002 0.002 
<0.004 0.004 

0.037 0.57 0.18 0.002 
0.002 0.03 0.007 0.002 
0.022 0.34 0.090 0.002 
0.013 0.20 0.046 0.004 

··~irborne concentrations are based on the air volumes provided 
,~~esults have been corrected using laboratory-derived desorption efficiencies 

,Compound 
;Benzene 

~thyl benzene 
Toluene 
Xylene 
j 

~ 

. ",-. 

Method Reference 
mOSH 1501 
NIOSH 1501 
mOSH 1501 
mOSH 1501 

Koppers022859 



Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95093.35 

i 
'Sample Identification: See Below 
Lab Number: 9509335 
Sample Matrix/Media: 

Lab 
No. Sample LD. 

-01 7082 

-02 7086 
'~.~ ; 

-; 

-03 7091 

~-04 5482 BLANK 

8M CHAR TUBE 

Sample 
Volume 
(liters) Compound 

63.99 Benzene 
Ethyl benzene 
Toluene 
Xylene 

35.65 Benzene 
Ethyl benzene 
Toluene 
Xylene 

87.48 Benzene 
Ethyl benzene 
Toluene 
Xylene 

Benzene 
Ethyl benzene 
Toluene 
Xylene 

~~~: Not detected at or above limit of detection 
Information not available or not applicable 

Front 
(mg) 

0.013 
<0.002 
0.007 

<0.004 

0.013 
<0.002 
0.003 

<0.004 

0.005 
<0.002 
0.006 
0.005 

<0.002 
<0.002 
<0.002 
<0.004 

\irborne concentrations are based on the air volumes provided 

Back 
(mg) 

<0.002 
<0.002 
<0.002 
<0.004 

<0.002 
<0.002 
<0.002 
<0.004 

<0.002 
<0.002 
<0.002 
<0.004 

<0.002 
<0.002 
<0.002 
<0.004 

Clayton 
f:"\"1R(),,,;,:,[>iTAl 
CQ:-.SCLfAt>:fS 

Page 4 of 9 

Date Sampled: 09/19/95 
Date Received: 09/25/95 
Date Analyzed: 09/27/95 
Analyst: FHK 

Method 
Detection 

Total Concentration Limit 
(mg) (mg/m3) (ppm) (mg) 

0.013 0.20 0.064 0.002 
<0.002 <0.03 <0.007 0.002 
0.007 0.1 0.03 0.002 

<0.004 <0.06 <0.01 0.004 

0.013 0.36 0.11 0.002 
<0.002 <0.06 <0.01 0.002 
0.003 0.08 0.02 0.002 

<0.004 <0.1 <0.03 0.004 

0.005 0.06 0.02 0.002 
<0.002 <0.02 <0.005 0.002 
0.006 0.07 0.02 0.002 
0.005 0.06 0.01 0.004 

<0.002 0.002 
<0.002 0.002 
<0.002 0.002 
<0.004 0.004 

,~\esults have been corrected using laboratory-derived desorption efficiencies 

::ompound 
3enzene 

~Ethyl benzene 
Toluene 

,':<ylene 

.J 

Method Reference 
NIOSH 1501 
NIOSH 1501 
NIOSH 1501 
NIOSH 1501 

Koppers022860 



Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95093.35 

Sample Identification: 7092 

,Lab Number: 9509335-08 
;Sample Matrix/Media: FILTER 

Clayton 
ENI'IRONME:-ITAL 
CONSULTANTS 

Page 8 of 9 

Date Sampled: 09/21/95 

Date Received: 09/25/95 

Air Volume: 1081. 8 (L) 
.. :..:1 ___________________________________________________ _ 

Analyte 

Antimony 
-'Arsenic 

Beryllium 
Cadmium 

~-_.Chromium 

Copper 
Lead 

, Nickel 
~"Selenium 

Silver 
Titanium 

--Zinc 

Amount 
(mg) 

<0.01 
<0.001 
<0.0005 
<0.0002 
<0.002 
<0.002 
<0.001 
<0.0005 
<0.002 
<0.0005 
0.005 

<0.002 

ND: Not detected at or above limit of detection 

r'-'- -: Information not available or not applicable 
I 

Concentration 
(mg/m3) 

<0.009 
<0.0009 
<0.0005 
<0.0002 
<0.002 
<0.002 
<0.0009 
<0.0005 
<0.002 
<0.0005 
0.005 

<0.002 

Method 
Detection 

Limit Date 

(mg) Prepared 

0.01 09/27/95 
0.001 09/27/95 

0.0005 09/27/95 

0.0002 09/27/95 
0.002 09/27/95 

0.002 09/27/95 

0.001 09/27/95 
0.0005 09/27/95 

0.002 09/27/95 

0.0005 09/27/95 

0.002 09/27/95 
0.002 09/27/95 

k~Metal results have been corrected using laboratory derived recovery coefficients 

.J 

.' ... '.: ..... -.' .. 

Prep/ 

Date Analysis 
Analyzed Method 

09/28/95 NIOSH 7300 

09/28/95 NIOSH 7300 

09/28/95 NIOSH 7300 

09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 

09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 
09/28/95 NIOSH 7300 

Koppers022861 
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Sample Identification: 7080 
;Lab Number: 9509335-07 
:Sample Matrix/Media: FILTER 
J 

"";~ 

Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95093.35 

Clayton 
ENviwNl:iENTAl 
CONSUL TANTS 

Date Sampled: 
Date Received: 
Air Volume: 

Page 7 of 9 

09/19/95 
09/25/95 
795 (L) 

------------------------------------------------------------------------------------------------

Analyte 

Lead 
i_I 

AIrount 

(mg) 

<0.001 

,,"';ND: Not detected at or above limit of detection 
Information not available or not applicable 

Concentration 
(mg/m3) 

<0.001 

Method 
Detection 

Limit 
(mg) 

0.001 

Date Date 
Prepared Analyzed 

09/27/95 09/28/95 

Prep/ 
Analysis 

Method 

NrOSH 7300 

L.Metal results have been corrected using laboratory derived recovery coefficients 

-.. ~. 

j .:. 

" 

r"o: 

Koppers022862 
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L.j 

; 

isarnple Identification: 7079 
Lab Number: 9509335-05 

.;JSarnple Matrix/Media: 
,,~J 

FILTER 

Analytical Results 
for 

Paul Carlson Associates 
Client Reference: HA16399 

Clayton Project No. 95093.35 

Clayton 
ENVIRON;;tE,,,TAt 
CONSULT AN TS 

Page 5 of 9 

Date Sampled: 09/19/95 
Date Received: 09/25/95 
Air Volume; 636 (L) 

------------------------------------------------------------------------------------------------

, 
L_i 

Analyte 

;Total Dust 
b' 

Arrount 
(rng) 

<0.1 

, i 
;,:,JND: Not detected at or above limit of detection 

I 
" !. 

I ! 
'"j 

, ~ 

\ 

'~ 

I 

! l 
I 
';;;J 

Information not available or not applicable 

Concentra tion 
(rng/m3) 

<0.2 

Method 
Detection 

Lirni t 
(rng) 

0.1 

Date Date 
Prepared Analyzed 

Prep/ 
Analysis 

Method 

09/28/95 NIOSH 0500 

Koppers022863 
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Analytical Results 
for 

PAUL CARLSON ASSOCIATES 
Clayton Project No. 30988.00 
Client Reference: HA16399 

Sample Type: Filter/Impinger 
NIOSH 7904 

Date Sampled: 
Analytical Method: Date Received: 
Analyst: SM Date Analyzed: 

Cyanide 
-------------------- Combined 

Lab Sample Filter Impinger Total 
No. Identification (mg) (mg) (mg) 

OOla 7093/7094 <0.003 <0.003 <0.006 
002a 7095/7096 BLANK <0.003 <0.003 <0.006 

General Notes: 
<: Less than the indicated limit of detection (LOD) 

Information not available or not applicable 

Clayton 
ENVIROMIENTAL 
CONSULTANTS 

09/21/95 
09/22/95 
09/25/95 

Maximum 
LOD 
(mg) 

<0.006 
<0.006 

Koppers022864 
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Ambient Air Quality Monitoring Report, 
Paul Carlson and Associates, Inc. 

HAHN AND ASSOCIATES, INC. 

Koppers022865 
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March 27, 1996 

Rob Ede 

PAUL CARLSON ASSOCIATES, INC. 
Industrial Hygiene Consultants 

4511 S.E. Hawthorne Blvd. 
Suite 213 

Portland. Oregon 97215 

(503) 232-0200 FAX (503) 230·0259 

Hahn and Associates, Inc. 
434 NW 6th Avenue, Ste. 203 
Portland, Oregon 97209 

Re: Ambient Air Monitoring 

INTRODUCTION 

This report summarizes the results of ambient air monitoring conducted on February 
27,1996 at the Northwest Natural Gas, Gasco Facility, 7900 NW St. Helen's Road in 
Portland, Oregon. Sampling was conducted to assess ambient air concentrations 
downwind of the collection pond located on the east side of the blue LNG Storage Tank. 

METHODOLOGY 

Ambient air concentrations of Polynuclear Aromatic Hydrocarbons (PAHs) in airborne dust, 
Aromatic Hydrocarbons (STEX), and total particulate were measured at a location 
downwind of the collection pond located on the east side of the blue LNG Storage Tank. 
The specific location was determined by Hahn and Associates, Inc. Subsequent analysis 
was performed by Clayton Environmental Consultants, an AIHA accredited laboratory. 
Analytical results from the laboratory are attached. 

LEGAL REQUIREMENTS 

The Oregon Occupational Safety & Health Administration (OR-OSHA) has adopted 
Permissible Exposure Limits (PEL's) to protect the health of employees. Three types of 
limits have been established: Time Weighted Average (TWA), Excursion (E) and Ceiling 
(C) limits. The TWA's act as an eight hour average such that exposures over the TWA at 
times during the work shift can be compensated by exposure time below the TWA. 
Excursion's in worker exposure levels may exceed 3 times the TWA for no more than a 
total of 30 minutes during a workday, and under no circumstances exceed 5 times the 
TWA, provided that the TWA is not exceeded. The ceiling is assessed as a 15-minute time 
weighted averaga exposure and measured during peak exposure periods. Only the TWA 
applied in this survey since ambient air concentrations would be expected to be at a 
consistent level through out the sampling, with no anticipated peak, short duration exposure 
concentrCltions. The PEL's are expressed in units of milligrams (mg) or micrograms (ug) per 
cubic meter (mg/m3 or ug/m~ of air of dusts, gases, mists, and fumes, and parts per million 
parts (ppm) of air by volume of vapor or gas. Some of the PAH compounds have no 
established PEL as indicated in Table I. 

HAI6458.RPT PAGE 1 PAUL CARLSON Assoc. INC. 

HAHN & Assoc., INC. MARCH 27,1996 

Koppers022866 



-: 
, , 

I ~ 
I . 

; ! 
•... j 

\ 1 

\ .\ 
~ 

,--

J 
U w 

.. 
; ) 
'-J 

I , 

U 

Toluene carries a "skin designation" in the PEL, meaning that skin absorption can 
contribute significantly to overall exposure. Appropriate skin protection should be 
considered when handling this chemical. 

Benzene is a regulated substance that requires additional methods of compliance. OR
OSHA has established a 8HR-TWA "action level" for benzene of 0.5 ppm, a level triggering 
other protective provisions such as exposure monitoring and medical surveillance. 
Generally, the provisions will require all affected employers to use engineering and other 
work practices as the primary method of compliance once an employee is exposed above 
the PEL on a total of 30 or more working days a year. In addition, where the PEL is 
exceeded, the employer shall establish and implement a written compliance program to 
reduce employee exposure at or below the PEL. Where engineering and work practice 
controls do not reduce employee exposures at or below the PEL, the employer shall 
supplement these controls with respirators, requiring a written respiratory protection 
program. 

RESULTS 

Chemical exposure sampling results have been tabulated as follows: 

Table J 

Table II 
Table III -

Polynuclear Aromatic Hydrocarbons (PAHs) 
BTEX (benzene, toluene, ethyl benzene, xylene) 
Total Particulate 

Each sample record in the tables indicates the analyte, exposure concentration, and 
applicable PEL. All exposures were below their respective PEL and applicable action level, 
and the limit of detection for the analytical method. The latter case is denoted by a "<" 
preceding the reported exposure concentration in the table. 

FINDINGS AND RECOMMENDATIONS 

Based on the results of the sampling, the following findings and recommendations are 
made: 

1. 

2. 

HAI6458.RPT 

All monitored chemicals were below their respective legal standards. 

While Level C respiratory protection is not required based on the monitoring results, 
this level of protection is recommended where unknown hazards exist based on the 
level of ground contamination. This judgement should be made by the geologist or 
knowledgeable individual familiar with the hazards at this site, with particular 
attention given to appropriate respiratory protection when the contaminated soil is 
disturbed. 

PAGE 2 PAUL CARLSON Assoc. INC. 

HAHN & Assoc., INC. MARCH 27, 1996 

Koppers022867 
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3. As a minimum safeguard, it is recommended that workers wear appropriate body 
protection to reduce the hazard of chemical absorption through the skin during soil 
sample acquisitions. 

It has been a pleasure assisting you on this project. Please call if you have any questions. 

w~ 
Brad Johnson 

Enclosures 

HAI6458.RPT PAGE 3 PAUL CARLSON Assoc. INC. 

HAHN & Assoc., INC. MARCH 27, 1996 
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.SampleDate: 

I .. Sample No.: 
..•....... • Type: 

2/27/96 
0316 

Table I 
Hahn and Associates, Inc. 

PAHs Exposure Summary 
NIOSH Method 5506 

Area Sample 

Til11e()n: 09:37 
Time·Off: 15:27 

Total Min: 350 
I·· . 

I Sample Results (ug/ml) OR~SHAPEL 

..... Analyte . ... Filter Tube Total TWA (ug/ml) E(ug/mW: C (lJg/m3)** 

Acenaphthene < 0.3 --- < 0.3 NE 
Acenapthylene < 0.1 --- < 0.1 NE 

Anthracene < 0.01 --- < 0.01 200 600 
Benzo (a) anthracene < 0.01 --- < 0.01 NE 

Benzo (b) fluoranthene < 0.02 --- < 0.02 NE 
Benzo (k) fluranthene < 0.01 --- < 0.01 NE 
Benzo (g,h,i) perylene < 0.01 --- < 0.01 NE 

Benzo (a) pyrene < 0.01 --- < 0.01 200 600 
Chrysene < 0.01 --- < 0.01 200 600 

Dibenzo (a,h) anthracene < 0.01 --- < 0.01 NE 
Fluoranthene < 0.01 --- < 0.01 NE 

Fluorene < 0.01 --- < 0.01 NE 
lndeno(1,2,3-cd) pyrene < 0.01 --- < 0.01 NE 

Naphthalene < 0.1 --- < 0.1 50,000 150,000 
Phenanthrene < 0.01 --- < 0.01 200 600 

Pyrene < 0.01 --- < 0.01 200 600 

NE = PEL Not Established 

. .. . ... 

·Sclillpl¢Date: 2/27/96 

Table II 
BTEX Exposure Summary 

NIOSH Method 1501 

Time On: 
Time Off: 

TofalMin: "~ampl~~pO~~ ~;~: Sample 

·.....)Arj~IYte .•.•• · ..• ~l_. sa~p~p~esults. 
Benzene 
Toluene 

Ethyl benzene 
Xylene 

* Excursion limit 
** Ceiling Limit 

HAI6458.RPT 

HAHN & Assoc., INC. 

< 0.005 
< 0.005 
< 0.004 
< 0.008 

TWA (PPm) 

PAGE 4 

1 
100 (Skin) 

100 
100 

09:37 
15:27 
350 

OR~OSHAPEL 

.E .. • .. (·p.pm .• · .. )* .•.. ·.••• ··.0 ( m)** ....... PP .. 

5 
300 
300 
300 

500 

PAUL CARLSON Assoc. INC. 

MARCH 27, 1996 

. - . ..". - -".:. ".: -.:,::,,;;' :-~., . ,", .: .. -'" 

Koppers022869 
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Sample Date: 
• Sample No.: 

. Name: 
., 

Analyte 

Total Dust 

* Excursion limit 
** Ceiling Limit 

HAI6458.RPT 

HAHN & Assoc., INC. 

Table III 
Total Particulate Exposure Summary 

NIOSH Method 0500 

2/27/96 
0315 
Area Sample 

Sample Results 
(Rig/ml) 

Time On: 
Time Off: 

Total Min: 

09:37 
15:27 
350 

< 0.1 10 I 30 I 

PAGE 5 PAUL CARLSON Assoc. INC. 

MARCH 27, 1996 

.-: :~ . ..,:--.. ".. . .". 
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! Sample Identification: 0316 
Lab Number: 9602326 -03A 

: Sample Matrix/Media: FILTER 
i 

~.~i 

'~, Compound Filter 
(ug) 

Polynuclear Aromatic Hydrocarbons 

Acenaphthene <0.3 
c. Acenaphthylene <0.1 

Anthracene <0.01 
Benzo(a)anthracene <0.01 

~Benzo(b)fluoranthene <0.02 
Benzo(k)fluoranthene <0.01 

I' Benzo (g, h, i) perylene <0.01 
• Benzo (a)pyrene <0.01 

-JChrysene <0.01 
Dibenzo(a,h) anthracene <0.01 
Fluoranthene <0.01 

, .... Fluorene <0.01 
Indeno(1,2,3-cd)pyrene <0.01 

r' 
, Naphthalene <0.1 
U Phenanthren~ <0.01 

Pyrene <0.01 

Analytical Results 
for 

Paul Carlson Associates 

Clayton Project No. 96023.26 

Front 
(ug) 

Tube 
Back 
(ug) 

< Less than the indicated lirrrit of detection 
Information not available or not applicable 

Total 
(ug) 

<0.3 
<0.1 
<0.01 
<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.1 
<0.01 
<0.01 

. Clayton 
ENVIRONMENTAL 
CONSULTANTS 

Page 2 of 5 

Date Sampled: 02/27/96 

Date Received: 02/29/96 
Date Analyzed: 03/05/96 
Air Volume: 860.7 (L) 

Method 
Detection 

Concentration Limit 
(ug/rn3) (ug) 

<0.4 0.3 
<0.2 0.1 
<0.01 0.01 
<0.01 0.01 
<0.02 0.02 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.01 0.01 
<0.1 0.1 
<0.01 0.01 
<0.01 0.01 
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Analytical Results 
for 

Paul Carlson Associates 

Clayton Project No. 96023.26 

,Sample Identification: See Below 
Lab Number: 9602326 
Sample Matrix/Media: SM CHAR TUBE 

~ ..... 

Sample 
'--,Lab Volume 

No. Sample I.D. (liters) Compound 

-01 0314 114.3 Benzene 
Ethyl benzene 
Toluene 

.r,' Xylene 

-02 03l8-BLANK Benzene 
• •.• 1 Ethyl benzene 

Toluene 
Xylene 

. ND: Not detected at or above limit of detection 
---: Information not available or not applicable 

Front 
(mg) 

<0.002 
<0.002 
<0.002 
<0.004 

<0.002 
<0.002 
<0.002 
<0.004 

.Airborne concentrations are based on the air volumes provided 

Back 
(mg) 

<0.002 
<0.002 
<0.002 
<0.004 

<0.002 
<0.002-
<0.002 
<0.004 

Date 
Date 
Date 

Clayton 
ENVIRONMENTAL 
CONSULTANTS 

Page 4 of 5 

Sampled: 02/27/96 
Received: 02/29/96 
Analyzed: 03/04/96 

Analyst: FHK 

Method 
Detection 

Total Concentration Limit 
(mg) (mg/m3) (ppm) (rng) 

<0.002 <0.02 <0.005 0.002 
<0.002 <0.02 <0.004 0.002 
<0.002 <0.02 <0.005 0.002 
<0.004 <0.03 <0.008 0.004 

<0.002 0.002 
<0.002 0.002 
<0.002 0.002 
<0.004 0.004 

.Results have been corrected using laboratory-de:dved desorption efficiencies 
C-. 
~-

Compound 
. Benzene 
,Ethyl benzene 

'-Toluene 
Xylene 

.. 
( .•... 
, . 

" 

Method Reference 
NIOSH 1501 
NIOSH 1501 
NIOSH 1501 
NIOSH 1501 

Koppers022872 



Analytical Results 
for 

Paul Carlson Associates 

Clayton 
ENVIRONMENTAL 
CONSUL TAN TS 

Page 5 of 5 

Clayton Project No. 96023.26 

; 

; Sample Identification: See Below 
Lab Number: 9602326 

", Sample Matrix/Media: 
;!l Method Reference: 

Lab Sample 
Number Identification 

-05 0315 

FILTER 
NIOSH 0500 

Date 
Sampled 

02/27/96 

Volume 
(liters) 

861.3 

Date Sampled: 
Date Received: 
Date Analyzed: 

Total Dust 
(mg) (mg/m3) 

<0.1 <0.1 

02/27/96 
02/29/96 

02/29/96 

Method 
Detection 

Limit 
(mg) 

0.1 

;----------------------------------------------------------------------------------
. .1 ND: 

1 
J 

'1 
'J.: ~.' '-

:1 
,J 

",.J 

J 
! 
I 

-J 

, 
1 

"J 

Not detected at or above limit of detection 
Information not available or not applicable 

Koppers022873 
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__ 06/12196 WED 11: 48 F.U 503 639 6889 Nftr PACIFIC -+-H tlAHi'I & !\~~Ul: 

Roger Brown 

. ( 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Hahn & Associates 
434 N.W. 6th Ave. 
Suite 203 
portland, OR 97209 

project: NWNG Gasca Site 
Location: 2708 

Portland Dillision 
17400 SIN Upper Boones Fcny Ad. 
StJite 11'260 
Portland. OR 97224 

Tet (503) 624-5449 
Fax: (503) 639-6889 

Date: 02/16/1996 
:NET Account No.: 13500 
NET Job Number: 96.00363 

Sample analysis in support of the project refer~~ced above has 
been completed and results are presented on the following pages. 
Should you have questions regarding procedures or results, please 
feel welcome to contact Client Services. 

Surple Matrix Date Date 

Nuabe:r Sacr:p~e .Descri.pc.ion Type - Taken Received 

59783 270B-960212-Dl-01 MISC. S<ILID 02/12/L996 02/1.3/1996 

(LNG r ('oCR."S.S A.n~~ Rcc::- ~C>~ b=~) 

Approved by: 

~:f&-
Marty French 
NET. INC. Division Manager 

Koppers022875 
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06/12/96 ,mD 11:49 FAX 503 639 6889 .NuT l'ACll'll, 

"-"/ 

ANALYTICAL REPORT 

Roger Brown 02/~6/~996 
Hahn & Associates Job No. : 96.00363 
434 N.W. 6th Ave. 
Suite 203 Page: 2 
Portland r OR 97209 

Project Nfl-me: NWNG Gasca Site 
Date Received: 02/1.3/~996 

Sample Number Sample Deecription 

5'"183 ~7a8-96Q2~-D~-Ol 

rJIIWIETBRS ~ ~ REPORT L.D1rT orn:TS DATE AJlALYZED FLAG 

PAS BY GC:/MS SXM PREP 02/1S/U96 

PAH BY =JIoIS SX!4 (SI 

Dilucicn PacCor 82701'1 10. 02/15/1996 

J\ceaapbChene 8::1701'1 4400 50 us/Kg 02/15/1.996 

Acenapbthylene 82701'1 1700 50 "9/:<9 02/15/1.996 

Ant:hra~ne 82701'1 5600 50 ug/Kg 02/15/1996 

Bencc (al anthracene 82701'1 33.000 50 uqlKg 02/15/1996 

Benzo (b) fluorant:llene u:nOM .7,600 50 ug-/lCg- 02/15/19% 

Benzo(klfluoran~e 8270M 17.900 50 ug/lifr 02/15/1996 

1!e=:o(al pyren!' 82701'1 41.,4()O 50 ug/Kg 02/15/19% 

Be1>%o (ghil perylene 8270M 36,500 50 ug/Kg 02/15/1.996 

C!iry3ene 82701'1 36,100 50 us/Kg 02/15/1996 

D1benzo(a,hlanthracene 82701'1 7500 SO ug/Kg 02/15/1996 

Pluor.aDthene 82701'1 53,70D 50 ug/KS o:zh5/1996 

Pluorene 82701'1 1900 SO ug/Kg 02/15/1.996 

lndeno(1.,2,J)~JTeno &:nOM ::17,300 SO ug/lGg 0::/15/1.9% 

Naphthalene 827014 1LOO SO ug/F:g 02/15/1996 

Pb=ancllreoe 8:17014 23,700 50 uq/Kg 02/15/1996 

Pyrene 82701( 41,900 50 ug/l<!! 0./15/1996 

A sample result. of lID indiCZltes the paramecer waD Rot. Detect.ed .at the reporting limit. 

Koppers022876 
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06/12/96 WED 11:48 F.~t 503 639 6889 NET PACIFIC 

----------------------/-------------------------------~----------------------

NET NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Roger Brown 
Hahn & Associates 
434 N.W. 6th Ave. 
Suite 203 
Portland, OR 97209 

Project,,: 
Location: 

NWNG Gasco Site 
2708 

Portland Division 
17400 SW Upper Boones Ft!rry Rd. 
Suite #260 
Portland. OR 97224 

Tel: (S03) 624-5449 
Fax: (503) 639'6889 

Date: Q3/04/1996 
NET Account No.: 1.3500 
NET Job Number: 96.00470 

Sample analysis in support of the project referenced above has 
been completed and results are presented on the following pages. 
Should you have questions regarding procedures or results, please 
feel welcome to contact Client Services. 

Sample 

IlUmber 

60:209 

Macri>< Date Date 

Sample Description Type Taken Received 

:2708-960;2:27-0:2-01 other 02/27/1996 02/27/1996 

( K~\.'S ~"c.'\ 1:t£~ wo..('cLu.J5-€- R(<.. - L ... K B~x 'j 
~. 

------,--
post-it" Fall. Nota 

10 

eoJOept. 

j>hOO8lt 

Fax II 

APP~~~"Y;,~ b ,: ,/ 
..... ..;7.~ ,," 

-;~;:/.'7//':..- ~ 
/'~~l' 

L. ~~i:-ty French 

IZ-na c. 
7671 

NET, INC. Division Manager 

.~ .. 
. ' 

-
Dal~/rt-. It

ol 

• 
pag!" 

From' "')6 
Co. -
Phone II 

Fax. 

Koppers022877 

~ UU L 



C l 

! 
, ! 

:.....l 

I 
i 

•. 1 

I 
\J 

j 

I I 
'oJ 

06/12/96 WED 11:48 F~l 503 639 6889 NET PACIFIC 

ANALYTICAL REPORT 

Roger Brown 03/04/1996 
Hahn & Associates 
434 N.W. 6th Ave. 
Suite 203 
Portland, OR 97209 

Job No.: 96.00470 

Page: 2 

Project N~: NWNG Gasco site 
Date Received: 02/27/1996 

SaOlple Number Sample Description 

60208 2708-96al~7-D2-01 

PIUU\MB'l'UlS ~ BESULTS REPORT LIMr'r !!!!I§. DAn: A1IALYZBD ~ 
PAR BY CI:/1lI8 SIM PRBP aa/2!1/1996 

1'IIIH BY Cl:/1IlS SO( (SI 

D11ut1an Pact:or 8:170M 400 ... 03/01lU95 

Acenap/ltheDe 8:270M 375,000 :20,000 ~/Ke 03/01/~996 

Ac ..... phthylene 8:270M NO :20,000 ug/Kg a3/0J./~995 

Anthracene 6:27aM 444,000 20,000 us/lOJ 03/01/1.9% 

8en2o la) oonthr.ac:rme 8270M 2,600,000 :20.000 ug/Kg 03/01/1996 

8enzolb'tluoraatbene 6270M 3,436,000 20,000 ug/Kg 03/01/19'6 

geDzo !kI fluoraDthe:le 8:270M 1.292,000 20,000 ug/Kg 03/01/1996 

geaao (aJ pyrena 6270M 2.915,000 :la,OOO ug/Kg 03/01/J.996 

BezDO (ghi}perylane 8270M 2,543,000 20,000 ug/K'1 03/01/1.996 

ClryBene 8270M 2,856,000 20,000 ug/K'1 03/01/~996 

tli.ben1lO (a, bJ anthrac:ene 8:a70M 547,000 20,000 ug/Xq 03/01/1996 

Fluaranthene 8270M 3,483.000 20,000 ug/Kg 03/01/1996 

Pluorene 8270M 145,000 20,000 ug/j(g 03/01/1996 

Indeao(l,2,3tpyrane 8:270M 1,908.000 20,000 ug/Xq o3/o~/1996 

IVGphthalene 8270H 68,000 20,000 w:!/1&3 03/0~/1996 

Phenanthrene 8:270M 1,SOL.OOO 20,000 ug/l':g 03/01/1996 

Pyrena 8270M :2,906,000 :le,OOO ug/Kg 03/0J./L996 

A sample r~su~t of NO indicat:es the parameter was Noe Detected ~ the reporting limit. 

"' ........ . "';e ." - ::-:': : ~ ..... 

Koppers022878 
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APPENDIXL 

Geophysical Evaluation of Former Tar Ponds Area, 
GeoPotential, Inc. 

HAHN AND ASSOCIATES, INC . 
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GeoPotential 
fm=~ ENVIRONMENTAL & EXPLORATION GEOPHYSICS 

~~ 437 N.E. LIBERTY AVE. GRESHAM, OR 97030 ' PH (SOl) 665-7520· FAX (503)492-4404 

RESULTS 

GROUND PENETRATING SURVEY FOR 
TAR DEPOSITS AND SILT STRATA 

PIIiYr PROJECT 

AT 

NWNG GASCO FACILITY 
PORPLAND, OREGON 

PERFORHED FOR 

HAI 
434 NW 6TH AVENUE, SUITE 203 
PORPLAND, OREGON 97209-3600 

PERFORHED BY 

GEOPOTENTIAL 
437 NE LIBERPY AVENUE 

GRESHAM, OREGON 97030 

DECEMBER 5, ~995 
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INTRODUCTION 

GeoPotential performed a GROUND PENETRATING RADAR SURVEY 
(GPR SURVEY) for HAl, Portland, Oregon. 

TIMING 

Field work was performed on November 22, 1995. Report and 
site diagram completed and mailed to HAl December 5, 1995. 

PURPOSE 

The subsurface locating survey was designed to test the 
ability of GPR to map the extent of tar deposits and silt 
strata . 

SURVEY SITE 

The SURVEY SITE consisted of the northeast portion of the 
NWNG Gasco Facility located at 7900 NW st. Helens Road in 
Portland, Oregon. The site has been used for hydrocarbon 
storage for many years and contains a variety of buried 
hydrocarbon materials including tar, lampblack and liquid 
hydrocarbons. Former settling ponds are also buried on the 
site. 

In general, data supplied by HAl from lithology, indicates 
that the surficial materials consist of primarily sandy 
gravels grading downward into sandy silts and silts. 
Interspersed among these sediments are the hydrocarbon 
occurrences. These hydrocarbon occurrences and silt strata 
were the targets of this GPR pilot project. 

The areas covered by the three GPR profiles (see map) are 
grass covered and slope gently up to the northeast until a 8 
foot scarp is encountered at the northeast end of PROFILE 
ee'. 

.. ,", ..... -,',.-' 
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SURVEY SPECIFICATIONS 

Three geophysical instruments were used for the survey: 

1. AQUA-TRONICS A-6 ELECTROMAGNETIC TRACER (EM SURVEY). 
2. SCHONSTEDT GA-52B MAGNETIC GRADIOMETER (MAG SURVEY). 
3. MALA RAMAC GROUND PENETRATING RADAR (GPR SURVEY). 

EM and MAG data were acquired along GPR PROFILES to aid in 
the interpretation of the GPR data. 

Profile locations were selected to approximately coincide 
with HAl profiles AA' and EE' and are shown as yellow lines 
on the accompanying Well Location Map. The PROFILE along HAl 
PROFILE AA' had to be broken into two profiles aa' and ff' 
due to the scarp at a'. PROFILE ffl followed the gravel road 
to the bank of the Willamette River and is therefor offset 
from the northeast end of PROFILE AA'. 

GPR data was acquired along each profile using a 50 MHz 
antenna and a 80 meter per microsecond sediment velocity. The 
data was filtered with a 3X3 moving average filter to 
suppress high frequency noise in the data. The maximum depth 
of penetration for this GPR configuration is about 45 feet. 

MAG and EM data were acquired at 1 second intervals 
(approximately 3 to 4 feet intervals) along each GPR PROFILE 
and plotted as shown. 

Each GPR PROFILE is presented twice; once with the EM and MAG 
profiles to compare the various data and once with the GPR 
alone to better show GPR features. The depth/length ratio for 
the GPR on composite profile is 2.2:1 and 5.1:1 on GPR only 
PROFILES. 

RESULTS 

The results are shown on the accompanying PROFILES. 

PROFILE aa' 

The GPR record shows three prominent horizons. The most 
shallow horizon occurs at a depth of about 10 feet and is the 
gradational layer from a sandy gravel to a silty sand. this 
horizon is not marked and is apparent on all three PROFILES. 

A second horizon starts at a depth of 12 feet at the 
intersection of PROFILE ee' and dips down to a depth of 
feet at a. This horizon is a silt/tar layer encountered 
drill holes B-35 and B-33. A second silty/tar horizon 

28 
in 

Koppers022883 



occurs as shown on the GPR PROFILE. Both of these horizons go 
up and over a structurally shallow feature just to the 
northeast of the intersection of ee'. This feature is 
designated as F2 on the PROFILE. The MAG low and EM high 
anomalies over F2 indicate it is a sedimentary feature and 
may indicate a mound of hydrocarbon enriched sediments. 

Feature Fl has a strong MAG response and a weak EM anomaly 
indicating metallic debris, buried structural foundations or 
utilities. 

A EM/MAG positive anomaly at length 70 are caused by the well 
casing of B-35. 

The positive MAG anomaly at length 120 is probably caused by 
a feature in the volcanic basement at a depth of 70 feet or 
more. 

PROFILE ffl 

The same three horizons identified on PROFILE aa' are 
interpreted to occur along profile ff' where the two silt/tar 
layers dip down to the northeast. 

F2 is also identified on the southwest end of ffl where it is 
associated with a magnetic anomaly indicative of a scarp or 
fault in the deep volcanic basement. This may indicate that 
faulting in the basement may be responsible for feature F2. 

F3 has a EM/MAG positive anomaly and may be a utility pipe. 

The gradual slopes in the MAG and EM profile down to the 
northeast probably indicate deepening volcanic basement. 

PROFILE EE' 

The GPR data along this profile demonstrated very subtle 
layering. The silt-tar horizon interpreted along the profile 
is very tentative. The character of the reflections along 
this profile is identical to the character of the reflections 
over F2 on PROFILES aa' and ff'. Since this is near the 
location of the intersection of these PROFILES with ee' it is 
apparent that PROFILE ee' runs parallel to the strike of 
feature F2 and along or near the apex of the axis. 

The observations of layering either side of ee' but not 
along ee' may indicate that the areas on either side of F2 
were settling ponds which therefore produced more contiguous 
layering. The apparent onlap of the layers onto F2 would 
support this interpretation. 

Koppers022884 
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An EM/MAG positive anomaly on the southeast end of ee' is 
interpreted to be caused by buried pipes. 

The MAG/EM anomalies to the northwest of length 420 show a 
general lowering of the fields with a series of low amplitude 
high frequency anomalies. This is interpreted to be caused by 
a combination of a deeper volcanic basement to the northwest 
and sandier soil containing volcanic gravels. 

LIHITAPIONS 

Geophysical surveys consist of interpreting geophysical 
responses from subsurface objects. Since a variety of 
subsurface objects can produce identical geophysical 
responses it is necessary to perform intrusive investigations 
(drilling or excavating) to confirm the geophysical 
interpretation. In addition non-conductive utilities 
(e.g. plastic pipes, concrete pipes, tile pipes) are not 
detectable with geophysical methods. 

Depths interpreted from GPR SURVEYS are a function of the 
soil velocities used during processing. Significant 
variations from these velocities can cause significant 
errors in interpreted depths. 

The use of this geophysical interpretation is the sole 
responsibility of the client . 

Ra1.ph Soule 
GeoPotential 

December 5, ~995 
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RITTENHOUSE-ZEMAN & ASSOCIATES. INC. 
Geotechnical Consultants 

8050 S. W. Cirrus Drive 
Beaverton, Oregon 97005 
(503) 644-9141 

April 15, 1987 

Koppers Company Inc. 
7540 N.W. St. Heler.s Rd. 
Portland OR 97229 

Attn: John Oxford 

SUBJECT: GEOTECHNICAL EXPLORATION 
RAILROAD SPUR SETTLEMENT 
PORTLAND, OR. 

Dear Mr. Oxford: 

0-4334 

This report summarizes the results of the subject geotechnical 
study, as authorized by you on March 25, 1987. 

It appears that the observed settlement is the result of a 
combination of factors, including inadequate ballast thickness, 
poor subgrade soils and high ground water. If a new rail 
section is proposed we recommend 12 inches of ballast over 30 
inches of sub-ballast over filter fabric over an undisturbed 
subgrade. 

We are available to answer any questions you may have 
concerning this report and would be happy to assist you during 
construction phases of this project. 

Respectfully submitted, 

RITTENHOUSE-ZEMAN & ASSOCIATES, INC. 

R. Warren Krager, Geologist 

~------------------------------------------------------------Koppers022903---------



Koppers Company. Inc. 
April 15. 1987 

1.0 INTRODUCTION 

0-4334 
Page 1 

This report presents the results of our subsurface exploration 

and geotechnical engineering study for the proposed railroad 

spur improvement project. The study was authorized by Mr. John 

Oxford of Koppers Company Inc. on March 25. 1987~ The railroad 

spur location is illustrated on the attached Site Plan. Plate 

1. 

The purpose of our study was to explore subsurface conditions 

for the purpose of railbed support. The scope of our work 

consisted of drilling and sampling 15 borings at about 30 feet 

on center along the most heavily failed portion of track. 

This study has been accomplished in accordance with generally 

accepted geotechnical engineering practice for the exclusive 

use of Koppers Company. Inc. and their agents, for specific 

application to the above described project. 

2.0 SITE AND PROJECT DESCRIPTION 

The railroad spur is located northeast of N.W. St. Helens Rd. 

between the Burlington Northern Railroad and the Koppers 

Company tank farm. The area of tracks identified by Kopper's 

representative as requiring repairs is approximately 500 feet 

long. The approximate location is shown on the Site Plan. 

Plate 1. 

Although longitudinal settlements have occurred, the principal 

concern is differential settlement between the rails. Figure 1 

illustrates the approximate magnitude of the problem. On 

Figure 1 we have shown "Track Tilt", which is defined as the 

relative difference in elevation between the two tracks at 

selected locations. These measurements were made with a 

carpenter's level and straight edge and should be considered 

·,i 
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approximate only. They are intended to illustrate the relative 

magnitude of the distress. 

3.0 SUBSURFACE CONDITIONS 

Subsurface explorations were performed on April 2nd and 3rd, 

1987. Explorations were drilled with a trailer mounted solid 

stem auger to depths of 15 to 20 feet. Borings were drilled 

along the rail spur at about 30 feet on center at locations 

reques ted by Koppers Company. Bor ings were logged by an 

experienced geologist from our Beaverton office. Approximate 

surface elevations are presented on Figure 2. Elevations are 

based on an arbitrary reference of elevation 0.0 at B-12. 

Borings indicated variable rail support as outlined below. 

Boring logs are attached. 

Ballast: Ballast thicknesses encountered ranged from 10 inches 

to in excess of three and one half feet. Thicknesses are 

illustrated on Figure 3. Thicknesses are measured from the 

ground surface and actual thickness below ties is likely to be 

eight or nine inches less than the values shown. Ballast 

generally consisted of two inch minus rounded to subrounded 

gravel. In many areas the lower portion of the ballast 

contained large amounts of silt, probably indicating intrusion 

by soft subgrade soils (herein after referred to as dirty 

ballast). In a few areas, most notably where ballast 

thicknesses exceed about two feet. the lower portion of the 

ballast consisted of larger fractured rock. This may be the 

result of attempts to stabilize soft areas of subgrade at the 

time of initial rail construction. 

Subgrade Soils: Subgrade soils were found to consist of 

variable, soft to stiff silts and sandy silts. Portions of the 

------------------------------Koppers022905 
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alignment were underlain by up to 10 feet of fill, but in 

general the fills consisted of the same type of soil as native. 

Fills were generally indistinguishable from native soils except 

for soil fabric or occasional non-soil inclusions. In four 

borings organic topsoil or wood was encountered in the fill or 

at the boundary between fill and native soil. 

Groundwater: Groundwater was encountered at depths ranging 

from 3 to 10 feet; but soil coloration indicated that ground 

water levels may approach the ground surface during prolonged 

wet weather. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

As discussed previously, Figure 1 illustrates approximate track 

tilt adjacent to each boring location. Track tilt is defined 

as the difference in surface elevation between the two rails at 

a specified location. This is considered to be the best 

measure of the type of rail distress that is a concern on this 

project. Track til t was measured wi th a straight edge and 

carpenter I s level and should be considered approximate only. 

Figure 2 illustrates approximate surface elevations at each 

boring location, and Figure 3 illustrates general subsurface 

conditions including ballast thickness and depth to ground 

water. As discussed previously, ballast thickness was measured 

from the ground surface and the thickness below ties is likely 

to be eight or nine inches less than the value shown. 

As would be expected, comparisons of these three figures show a 

moderate correlation between track tilt and shallow ground 

water. Surprisingly there appears to be Ii ttle or no 

correlation between ballast thickness and track tilt, although 

this effect is masked somewhat by the fact that the areas of 

thicker ballast tended to also have the highest ground water 

.' 

'. 
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levels and the ballast tended to contain large amounts of silt 

at depth (dirty ballast). The silt intrusion may indicate that 

the ballast in these areas pushed down into a soft subgrade at 

the time of construction or that prior settlement and 

reballasting has been performed in these locations. 

We performed preliminary calculations of required ballast 

thickness in general accordance wi th the method developed by 

Talbot, and referenced by the AREA Manual for Railway 

Engineering. Based on a C.B.R. value of 1.0 for uncompacted 

sil ts, and a typical rail car wheel loading of 30 )tips, a 

ballast layer of 3.0 to 4.0 feet would be appropriate for this 

site, with adequate drainage. 

Based on the above comments we believe that the observed rail 

distress has resulted from a combination of factors including: 

- Insufficient ballast thickness; 

- Inadequate subsurface drainage; 

- Intrusion into the ballast by underlying soft silts; 

- Lateral shifting of ballast due to its rounded character; 

- Consolidation of native silts under static railcar loads; 

- Deterioration of wood/organics in fill underlying ballast; 

- Possibly frost action. 

Although the retaining wall near this track has rotated 

somewhat it does not appear that it has influenced the railroad 

track. It is possible, however, that if this wall undergoes 

significant rotation or failure it could cause major track 

distress. We would recommend that the causes of this wall 

movement be investigated. 

----------------------------------------------------------------Koppers022907---------
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Rail settlements are often progressive. As settlements become 

noticeable, effective loads increase due to eccentric loading 

conditions and dynamic wheel loads at the irregular areas. We 

concur with your judgment that repairs are necessary. Repairs 

can consist of either reballasting the existing track or 

construction of a new structural section. Although 

reballasting is a common approach it is normally only a 

temporary solution and periodic maintenance should be 

anticipated. If soft subgrade soils and dirty ballast are not 

removed it is probable that soft silts will eventually progress 

upward into new ballast. If reballasting should be selected as 

a remedy, the life to next maintenance could be extended by 

improving subsurface drainage at the same time. We understand 

that it is your present intent to reconstruct the railbed 

section and the remainder of our report is directed to that 

objective. We would be happy to discuss reballasting with you 

if desired. 

5.0 NEW RAILBED SECTION 

Based on the existing soft soil conditions we recommend that 

that the frequently applied dynamic subgrade stress not exceed 

about 1500 psf. For normal rail spur loading conditions 

(normal wheel load not exceeding 30 kips and max. speed of 5 

mph) this would require about 3.5 feet of ballast below the 

ties. This could consist of 12 inches of crushed rock ballast 

over 30 inches of sub-ballast. Typical specifications for 

ballast and sub-ballast materials are attached. Both ballast 

and sub-ballast should be compacted to at least 95% relative 

compaction based on the modified AASHTO test method (T-180). 

In addition we recommend that a filter fabric (Fibretex 150 or 

equal) be placed between the sub-ballast and native soil to 

reduce silt infiltration due to internal erosion or pumping. 

Koppers022908 
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Prior to installing sub-ballast or filter fabric all existing 

dirty ballast, organic soils and underlying soft, disturbed 

subgrade soil should be removed. We expect that the depth of 

excavation necessary to install the required thickness of 

ballast will normally result in the removal of all existing 

dirty ballast or softened soil, but occasional deeper areas may 

be encountered. Of . particular concern is the area near 9-4 

where substantial amounts of wood and interspersed voids were 

encountered in the upper 10 feet. In addition, care will be 

required during excavation to avoid causing further subgrade 

disturbance. 

We also recommend that subsurface drainage be provided by 

installing at least one perforated drain pipe at the bottom of 

the sub-ballast. This pipe should drain by gravity to a 

suitable disposal away from the tracks. The above comments are 

illustrated on Figure 4. 

We emphasize that ballast designed in accordance with AREA 

methods is intended to provide reasonably good service under 

most conditions. However it is not practical to construct a 

rock ballast that will be totally maintenance free. The 

possibility of some future need for releveling should be 

anticipated, but based on the apparently long performance of 

the existing section we believe that the proposed design should 

provide relatively trouble free performance for many years. 

An alternative to the above solution, that would require less 

excavation consists of supporting the tracks on a concrete 

slab, probably 12 to 18 inches thick. The design of such a 

slab is beyond the scope of our current work, but we would be 

happy to pursue this solution if desired. 

--------------------------------------------------------------Koppers022909 



Koppers Company, Inc. 
April 15, 1987 

6.0 CHEMICAL CONTAMINATION 

0-4334 
Page 7 

As we discussed with you, and as noted on our boring logs, it 

is possible that some ground contamination exists at this site. 

Representative soil samples have been turned over to you for 

analysis. We emphasize that our study is limited to soil 

support considerations and we neither sampled for nor tested 

for possible chemical contamination. Soil exploration borings 

were drilled using standard soil sampling techniques and no 

attempt was made to prevent the possible introduction of minor 

amounts of oil due to drilling procedures, nor to eliminate 

cross contamination between exploration holes. 

If contamination exists it could affect design solutions 

concerning both disposal of excavated soil and subsurface 

drainage provisions (including suitable materials for drain 

pipes and sui table disposal locations for subsurface water). 

RZA has a highly competent chemical waste department if you 

wish assistance in this area. 

7.0 FUTURE GEOTECHNICAL SERVICES 

The recommendations contained in this report are based on 

information gathered during our field and laboratory study, and 

on design information provided by Koppers Company. We have not 

yet received a detailed copy of the plans for this project. We 

recommend that we be provided an opportuni ty to review the 

final plans and specifications when they become available. 

This will allow us to determine whether any change in concept 

may have affected the validity of our recommendations, and 

whether our recommendations have been correctly interpreted. 

In order to correlate preliminary soil data with actual soil 

condi tions encountered during construction and to check for 

construction conformance to our report. we also recommend that 

Koppers022910 



Koppers Company, Inc. 
April 15, 1987 

0-4334 
Page 8 

we be retained for construction observation of stripping, 

grading, compaction and other soils related portions of this 

project. 

RITTENHOUSE-ZEMAN & ASSOCIATES, INC. 

R. Warren Krager, Geologist 

'. 
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MATERIAL FOR BALLAST AND SUB-BALLAST 

Ballast shall consist of crushed stone 

Standard Specifications (1984) Section 

Macadam Aggregates, designated size 1 

otherwise approved by the engineer. 

conforming 

703.12 for 

1/2"-3/4", 

to OSHD 

Asphalt 

unless 

Sub-ballast shall consist of crushed stone conforming to OSHD 

Standard Specifications (1984) for Aggregate Subbase, Section 

703.06, with the following additional specifications: 

o Material shall have at least one mechanically fractured face 

on 70% (by weight) of the material retained on a 1/4 inch 

sieve and 50% (by weight) of the 1/4" to No. 10 material. 

o Gradation shall fall within the following ranges unless 

otherwise approved by the engineer. 

Percent Passing 
Sieve Size by Weight 

2" 100 

1" 90-100 

3/8" 50- 85 

No. 10 25- 50 

No. 40 10- 30 

No . 200 0- 10 

.-
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SOn. DESCRIPTION 

Surface Elevation: 
Crushed rock ~~ ~TT!r 

~ 

I---- stiff to rredium stiff, damp to wet, rredium gray 
I---- and brown nettled SILT (FIIL). 
I----

5 
-
-
I---

I----

10 
~ 

r---

~ M:dium stiff, wet, medium gray to gray-brown 
15 Sn.T to sandy Sn.T. 

I 

STANDARD 
PENETRATION RESISTANCE 

A Blows per foot 
(140 lb. hammer. 30" drop) 

10 20 30 40 50 

[ sz~k_ln •••••• ~ ........ . 
I ··~~~··i :·i~··;.: ~.~~l:~l~ ~~~~j~:~ jl:~ .. ::l 

: : : : : \: :: 

f I----~----------------------------------------~- :::: :.lI';: ..... ~-. 

- Bottom of ooring at 16.5'. 
-
~ 

20 
I---

r----
-
-
-
-
-
-
co-

f-

I---

r---
I-
I---

l

I----

-
-
-

LEGEND 
I 2.0" O.D •• pllt spoon sampler • . Sample not recovered 

n 3.0" O.D. undisturbed sampler * Piezometer tip 
P Sampler pushed 2 Water level 

Atterbert UmUs: 1. I -- Liquid Umlt 

~ Natural water cOIIteat 
PlasUc Limit 

• % Water Content 

Kooners Comoany, InC. 

LOG OF BORING NO. B-1 
0-4334 

RITTENHOUSE-ZEMAN & ASSOC. 
SOn.! ENGINEERING AND GEOLCGY 
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son. DE~CRIPTION 

Surface Elevation: 

Gravel, crushed rock I serre Sn.T. 

r-- Stiff, rroist to wet~ medium ~y cu:'l brown Sn.T tc 
- (Fn...L). Trace chemical odor ill soil. . 

-

~ 
Q 
:z; 
~ o 
c: 
I.:) 

STANDARD 
PENETRATION RESISTANCE 

... BloWII per loot 

(140 lb. hammer, 30" drop) 
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~~----------------------------------~ 
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,---

r-
f-20· 
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I 2.0" O.D •• pllt spoon .ampler • Sample not recovered 

n 3.0" O.D. und1sturbed sampler' Piezometer Up 
P Sampler .... shed 2 Water lnel 
AUerberJ UmUa: ~ _ Llquld 111D1t 

"" .. Natural. water cllfttnt 
Plaatlc LllDlt 

............................................ ....... . ......... ......... .......... ........ . 

...... , ............................. . ......... ......... ......... ........ . 

.... .... ·········1········· ................. . 
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1
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• 'J, Waler Content 

Konoers ~y, Inc. 

LOG OF BORING NO. B-2 
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SOILS ENCINEEIUNC AND GEOLCXiY 
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son.. D'J:.o)'i:RIPTION 

Surface Elevation: 
1-2" rounded gravel railroad ballast. 

~~-------------------------------------------1 
!--

I--

I---

5 
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f

f--

i"-

stiff, damp to v.;et, medium gray and gray-bro.vn 
SILT (FILL). SOme organics nresent. [ 

[ 

10 rr 
-~---..,.---::~----,,-,-----f.-.L-
- stiff, wet, medium brown, medium gray, sandy 
~ STI..TS, silty ~. 

:--
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-
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20 
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l-
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l-

I---
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Botton of lx>ring at 16.5'. 

LEGEND 
I 2.0" O.D. aplll spoon sampler • Sample not neovered 

n 3.0" O.D. undisturbed sampler i Piezometer lip 
P Sample .. "".bed SZ Water leyel 

AtterbefJ limlta: ~ __ LlqUld Umll 

~ Natural water CODt ... t 

PluUC Ltmlt 

[ 

STANDARD 

PENETRATION RESISTANCE 
A BlowlI per loot 

(140 lb. bammer, 30" drop) 

10 20 30 40 

• 'l. Waler Content 

Ko~rs Ccmnanv, Inc. 

LOG OF BORING NO. B-3 
0-4334 

50 

RITTENHOUSE-ZEMAN & ASSOC. 
SOn.! ENGINEERING AND CiEOLOOY 
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SOIL Dl;osCRIPTION 

Surface Elevation: 

r---~ __________________________________________ -1 1-2" rounded gravel ballast, sone organic Sn.TS. 

- Stiff, mist to~t, redium gray, rredium brown 
r- Sn.T (FILL). \'b:xl debris between 5-10'. Voids 

of atout I' encomtered at 7.0'. r---
5 

LEGEND 
I 2.0" 0.0 •• plU spoon sampler •. Sample not recovered 
n 2.0·' 0.0. W\d1sturbed sampler' P1uometer lip 
P Sampler pushed 2 W1ter I."el 
Atterbel'J Unlit&: I. 1 __ Llquld UIIIIl 

~ H1tural water cOGtnt 

PlUUc Limit 

[ 
[ 

STANDARD 

PENETRATION RESISTANCE 
.A BlowlI per loot 

(140 lb. hammer. 30" drop) 

10 20 30 40 

• ~ W:ater Content 

Ko~rs Corlpany, Inc. 

LOG OF BORING NO. B-4 
0-4334 

50. 
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SOIL DJ:;SCRIPTION 

Surface Elevation: 

I""-- 1-2" rounded gravels. Below 1. 5 I dark gray 
f.- SILT with sane gravels. 

~~-------------------------------------------i 
- M:dium stiff to stiff, wet, rredium gray and 

5 brown nottled STIoT, sandy SILT. 
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n 3.0" O.D. undillurbed Ampler i Plnometer tip 
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~ Natural water cootent 
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10 20 30 40 
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...... ) 
son. DESCRIPTION 

Surface Elevation: 

- 1-2" rounded gravel ballast, SaTe gray Sn.T. 

f--- stiff, rroist to wet, dark gray Sn.T with SaTe 
f-- gravels. 
f---

5 

.. 
~ 
Q 
Z 
;;, 
o 
c:: 
o 

STANDARD 
PENETRA nON RESISTANCE 

A Blows per loot 
(140 lb. hammer, 30" drop) 

10 20 30 40 50 

[!ij!!I!II:!:!II::::!: 
\7 ...... :~ ................................... . 

[ ~ :~:~;;;::~.~~~~~~;;·I;~;;;;;;: ;:;;:;;;·1;;;;;:;:: 1--4-------------------------1 :::.::::: ::' ':::: :::::::.: ::::::::: :::::::.: 
I- Stiff to rredium stiff, wet, medium brown and 
f--- gray rrottled sandy Sn.T. 

f--

f-10 

~ 

f----

f----

f----

15 
r--

-
- Bottom of ooring at 16.5 I • 

'-

20 
i---

f----

f--

I---

l-

I---

I---

I---

f---

f-

f---

f----

i---

f----

f-

f----

f--

I---

I---

f-

LEGEND 
I Z.O" O.D .• pllt spoon sampler • Sample not recovered 
n 3.0" O.D. undisturbed umpler i Plezomeler tip 

• P Sampler pushed SZ Water le .. el 
Atterberc limits: ~ _ Liquid limit 

" ~ Natural _ter coatellt 
Pla.t1e Limit 

[ 

rr 

·····.····0 ..................•............ ....... . .. ...... ......... ......... ........ . ........................................... 
• 0- ••••••••••••••••••••••••••••••••••••••••• 

: ; ! ! i i ! ij If1 ! i ~ ~ l ~ : I ~ ~ ~ j ~ ~ l ~ : I ~ ~ ~ ~ ~ ~ ~ ~ : I ~ ~ ~~ ~ ~ ~ : . 
..... _/: :::::::::,::::::::: ::::::::: :::::::-: 

:: .~{:: :: ~ 1 ~: ~: II ~ ~ ~ \ j j j ~: I ~ ~ t~ ll1l : Il:! l ~ :: ~: 
... :·j···.I,·:.I··mm ,-m· 
~ l:H ll: ll: 1: 1 ~ l: III ~ 1lllll i 1111 ~ 1111111\! 1 j ;; 

;j:~~~j[: ~~;l~l~l.I·:l;~~!;ll~l~llll[~jll;l~lj:. 
: .. 1:1.·: ml~l:~.I;:::i:::~I;l~ll~!;[lll~l!;;:· 
~:::::::: ::::::::: ;:;::::::I';:~~~;~:~I;;;;~~::: 
::::::::' ::::::::: :::::::': ::::::::: :;:::::'. ... . ................................... . ...... .. . ...... ' ................... . 
.... . ................................ . 
'.. "1::":":' ::::.::: ::::::::r:::::::: 

:~<;::: nTlT ~~lnT ~~UHlilnH~il: 
:::!:>IU;:T!~I:TTl: l!TTl:nH!:· 
::::::. ::::::::: ::::::::: ::::::::: I:::::::: 

: . : : l ;: l: . ~ : : ~ .. ! : I : : ~ 1 i : : : : I : l : 1 : : ·l : 
..................................... ......... ......... ......... ........ -.................................... ......... .......... .......... ........ . ......... ......... ......... ........ . 

........ ·········1·········1········· ........ . ......... ......... ......... ......... ........ . 
::::::::: ::::::::: ::::::::: ::::::::: I::;:::: :: ............................................. 
::::::::: =:::::::: ::::::::: ::::::::: ::::::::: ............................................. 

......... ......... ......... ....... . 
::::::::: ::::::::: ::::::::: ::::::::: ::::::::: 

• 'J, Water Content 

Ko~rs Ccrnnany, Inc. 

LOO OF BORING NO. B-7 
~4334 • 

RITTENHOUSE-ZEMAN & ASSOC. 
son.s ENGINEERING AND CiEOLOGY 

--------------------------------------------------------------Koppers022924 
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"" Sol 
Sol 

'" =. 
"" "" ~ Surface Elevation: 

) 
SOn. DESCRIPTION 

1-2" rounded gravel ballast serre dark gray SILT. r--
~-------------------

- M:dium stiff, damp, dark gray organic clayey 
-- SILT with serre rock to 3.5'. 

5 Stiff, damp to ~t, gray-brown-rust rrottled 
r-- SILT, sandy Sn..T, sate lenses of sand. 

t- Cleaner sand lenses contam chemical residue. 
I-- Oil product apt:ears to float on ground water. 
t-

rIO 
I--

-
-
:--

[ 

15 rr 
r--~ __________________________________ -r~ 
r-- Botton of boring at 16.5'. 
t--

I--

1-20 
I----

r---
:0-

r--
i-

I--

t-

t-

:0-

,.. 

---
r--
I--

r--

t--

t-

I--

I--

LEGEND 
I 2.0" 0.0 .• pllt spoon a;ampler • Sample not reeDYered 
II 3.0" 0.0. undisturbed sampler. Plnometer tip 
P Sampler pushed SZ Water lenl 
AtterberJ limits: ....-.-; _ LlqUld Umll 

~ Natural water c0II1 .. t 
Pintle Lllllit 

Q 
z. 
~ o 
c: 
o 

STANDARD 

PENETRATION RESISTANCE 
Blow8 per loot 

(140 lb. hammer, :SO" drop) 

10 20 30 40 50 

::::::::: ::::::::.1::::::::: 

::::::::: ::::::::J::::::;; ................. i········ 
::::::::: ::::::::: ::::::::: 

........................... ......... ......... ........ . ......... ........ . ........................... ......... ........ . 

• 'lo Water Content 

Koor:ers CoMnany, Inc • 

LOO OF BORING NO. B-8 
cr4334 

RITTENHOUSE-ZEMAN & ASSOC. 
son.s ENGINEERING AND GEOLOOY 

- --- -_ .. _---- ----------------~--------.-- -.-~-----------------.---

Koppers022925 
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... 
III 
101 

'" :: ... 
c. 

son. DEsCRIPTION 

l:l Surface Elevation: 
~-~. rounaeo. grave.l ral..lroad ballast sorre black - ..sn.T ~ ________________ _ 

f-

f

f-

5 

M:!diun stiff, noist to wet, dark gray, black 
sandy SILT. serre gravels. Petroletr.l :orod.oct 
saturated below 3.5'. 

f-- Oily substance visible on all samples and augueI 
f-- flights. 
1-10 
f

I--

I--

I---

1-15 

-
I--- Botton of boring at 16.5'. 
I---

I---

f-20 
I--

I-
!---

I--
f

I--

I--

I--

'
~ 

~ 

-
-
r-

.... 

f--

I--

I--

I--

i-

LEGEND 
I 2.0" 0.0 .• pllt spoon .ampler • Sunpl~ not recovered 

n 3.0" O.D. undisturbed Ampler ~ Plnometer tip 
P Sampler pushed 2 Water le"el 
Atterberc limits: .......-; _ Llquid limit 

~ Natural _ter cOIltnt 
PluUc Limit 

[ 

rr 

~I- STANDARD 
PENETRATION RESISTANCE .. 

~ ... 

Q 
Z 
:::> 
o 
c:: 
o 

.. Blows per loot 
(140 lb. bamm~r. 30" drop) 

10 20 30 40 50 

........................... ......... ......... ........ . 

. ........ , ......................... .. ......... ......... ......... ........ . ::::::::: ::::::::: ::::::::: I::;: : ::: : .................................... ......... .......... ......... ........ . ......... ......... ......... ......... . ........................... """'" .................................... 
......... , .................. , ....... .. .................................... ......... ......... ......... ........ . ........ ......... .......... ......... . ...... .. ......... ......... ........ . ................................... ......... .. ...... ......... ........ . ....... . ......... ......... ...... . , ............................... 

• ~ Water Content 

Koppers Ccrnnany, Inc. 

LOG OF BORING NO. B-9 
0-4334 

RITTENHOUSE-ZEMAN & ASSOC. 
son.s ENGINEERJNC AND GEOLOCiY 

--------------------------------------------------------------Koppers022926---------



• :'.:-j '. "'.,-

J.< 
W 
W 

'" 
~ 
Co 
W 
Q 

f---

I---

I---

i---

5 
-
r-

-
-
1-10 
f---

l"-

f---

I"-

1-15 
I-

., ........ :, ... . 

i 
• f 

SOn.. D~SCRIPTION 

Surface Elevation: 

1-2" rounded gravel ballast, serre dark gray SILT 
scm: larger diced rock present below 1.5' . 

stiff, wet, dark gray and brown SILT and gray 
silty SAND. 

Petroleum product visible on samples and auger 
flights relow aJ::out 3.5'. 

- Bottan of boring at 16.5' . -
r---
1-20 -
l"

f--

f-

i--

f

i--

f

f--

-
... 
-
r--
r--
r---
'
l

I--

i

f--

LEGEND 
I Z.O" O.D. IIpllt spoon lIampler. Sample not recovered 

n 3.0" O.D. und1sturbed eampler. Piezometer tip 
P Sampler puehed 2 Water I."et 
Atterbel'i I!mUII: I. I - Llquld Umlt 

'-~ Natural waleI' content 
PIa.uc Limit 

[ 

rr 

c: 
.!'I" 

Q 
% 

is 
c: 
o 

STANDARD 
PENETRA nON RESISTANCE 

A BloWII per loot 
(140 lb. hammer. 30" drop) 

10 20 30 40 

• 'I. Water Content 

Koooers Ccrnpany, Inc. 

LOG OF BORING NO. B-10 

50 

0-4334 
RITTENHOUSE-ZEMAN & ASSOC. 

son.s ENGINEERING AND CEOLOGY 

--------------------------------------------------------------Koppers022927'---------
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son. DESCRIPTION 

i;j, 
!-o ' 
<' 

'" ~ Iol C 
-l Z; 
c., ~ 

... - , . , . - . - ~'. '. .';.';, ,': , ::: ,:., .. ' 

STANDARD 
PENETRA nON RESISTANCE 

Blows per loot 

(140 lb. hammer. 30" elrop) 
::0 0 

Surface Elevation: ;:; § ~O ~ ~n 40 ~ 0 

- to
1

- 2b" laroCkundsandyed gras~~ ma
ba

tr
lla

J.X' st ;:u~ largscr.eerdarcli~Cedgray : j j ~ j j j j ~II j j j H j j H II j j j L j /1 H > >! ~ =jj ii j ~ ~ 
~ , ,.;;r\".&l..... • ••••••.•••••••••••••••.•••••••••••••••••••.• 

'--- k esent bel""·' 1 5' ::::::::: ::::::::: ::::::::: ::::::::: ::::::::: r------ roc -'pr VY¥ • • . • • .. .. .. ......... .. ...... -I ........ ' , ......... 

,--~rOOse, ~~;-silver gray;-oily,-silty 5AND
4 

!FILLD \7 jTHHU: ~TTHJillll~HHHHIHH:jPTj~[: 
!--- PetroleulLv creosote odor. Grotmd water at. ~ ....... :: ::.:: ...................... / ........ . 

- - - - - - - -, - - - - - -- :::::::: ~r.:' · .... le 6bfumacL::: 
5 soft, wet, black orgamc SILT, sane roots ('IOPSJIfi'. ~~~~n:t: ::'ff~~~~f: ::f~~~~~~~~~:f!~1::~: :- .l. ..... , . ecJ:h .. · .... <1 .... ·· .. ·1 .. · ...... 

'''''diun stiff to stiff noist to we·t greenish- :::::: : .. :-..... ~: :::::::::1:::::::::":::::::: 
i--- !'.o::; " : : : : : :: : ::::::::: ::::::::: ::::::::: I : : : : : : : : : 
!--- brown to dark gray SILT to sandy SILT. :::::::\ :::::::::'::::::::l::::::::I::::::::: 

- Note: Oily sheen and slight ~trolemv'crrosote ~~~~\\X \1n\~\\t\\\[l\\[i\\\\\\\\[:tl\T\[. 
~ odor noted on sanples. I ~~~T}~~Un~iil'UinUi~I~YiU:l::~n~T 

............................... · .... 1 ...... · .. 
I-- ::::::::: ::::::::::::::::::::::::::: ::::::::: 

~jml~l~ llmmlilmmllmmlll:lmllllll 
~ I ::::::::~~::::::::I:::::::::I:::::::::I::::::::: 

...... ----------------------+-----t::::::::: ::::::::: ::::::::: ::::::::: ::::::::: 
f- Errl of boring at 16.5'. ::::::::: ::::::::: ::::::::: :::::::::,::::::::: 

~ llltlllll llllllll~llllllllmmllllj~llllllllll 
~ 20 1 

~ .. "I· .. ml·'.··· mmmm 

I- 25 

I--
I--

I--

f- 30 

r- 35 

•• .... 1.· ... 1··· ••• 1·.·'· ••• ·.·' 
ll::l:' ·:1 ~ lllll::: 1 :lll \j!;; Illll~ll~ \ l'~~ \., ~ \ t 

~: ~ ~~:: ~: I: ~: :::::: I~::~ ~ :::: I:~:::~::: II:::::::: ~ 
HHH~~~ ~~f~H~H H~UHH u~n~~~~ ~~fn~H~ 
:::::::::/:::::::::1:::::::::/::::::::::::::::::: 
j~~~j:::~I~j~j:~j!:I~~:))::::I::~~jj::'I::;~:::': 

W1W~' ill/Wi! lmll!~. Wl~iWI!:llj!i:~ 
!l!!!!l!: ll!I!I!!ll!lmW mmllllm!llll= 
1!l1111~~ lllllill: lmm:: mm!::lll~!:l!ji 

40~-----------__________ -L ___ ~~~~~~~~~~~~~~ 

LEGEND 
I 2.0" 0.0. split spoon sampler. Sample not recovered 

n l.O" 0.0. undisturbecl sampler. Piezometer tip 
p ~mplcr pushed SZ Water lnel 
Alterberr limits: ~ _ Llqald limit 

~ Natural waler contcat 
PluUc Llm1t ' '. 

• $ Water Content 

Kopr;Jers Ccmpany, Inc. 

LOG OF BORING NO. B-ll 
0-4334 

RITTENHOUSE- ZEMAN & ASSOC • 
son.s ENGINEERING AND GEOLCXlT 

Koppers022928 



~ . : .. -~. -: , -. . - ~-.. ~.'..:.'~'~'.',:""",:-~' .. -?~ ~-:: . ," .• ~". . -" .. . "." .. " .. ,',":. '-.'.::-. '-~-'..' .-..... -:.' 

SOIL DESCRIPTION 
~ L~) PENET~~::~SlST:=lNCE 

~ Q .\ Blows per foot 
;:: ~. 5 (140 lb. ~lDmer. 30" drop) 
~ ~ 0 

~ Surface Elevation: ~ § 10 20 ~o 40 - 0 

LEGEND 
I 2.0" O.D. split spoon sampler * Sample Dot recovered 

n 3.0" O.D. unc1isturbecl sampler. Piezometer tip 
P ~",pler pushed SZ Water leYel 

.... ttuberg llmits: I. r-.Llquid Uml} 

~ Nahlral water conteJlI 
PluUc L1mll 

• % Water Content 

Koppers Cartpany, Inc • 

LOG OF BORING NO. B-12 
0-4334 

RITTENHOUSE-ZEMAN & ASSOC. 
son.s ENCiINEERJNCi .... ND GtOLCGY 

. . - --- -._- - - ------.. -~-"----.. ------

--------------------------------------------------------------Koppers022929 
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-

son.. DESCRIPTION 

Suriace Elevation: 
2" rounded river-run gravel ballast with sandy 
silt matrix. 2" diced reject rock noted to 2'. 

f- ~bist to wet, black, oily, silty fine to med
ium SAND. Petroleunv'creosote odor (FILL). 

!- water table encmmtered at 3.5'. 5 ___ . ____________ I 

f-- Stiff to medium stiff, wet to roist, rotUed l 
:....-- dark gray and brown Sll.T to sandy Sll.T. 

!- l'bte: Creosote odor and oily sheen on samPles. 
!-

I 2.0" 0.0. split spoon sampler - Sample nct recovered 

n 3.0" 0.0. undisturbed sampler. Piezometer tip 
P ~mpler pushed SZ Water 110".1 

Atterberlr limits: ~ -LlquJd llmlt 

'-.... Natural waler cooleDt 
PlutJc L1mU . '. 

i:i I, STANDARD 
.... 
~ PENETRATION RESISTANCE 
~ 4 Blows per IDOl 

5 (140 lb. llammer, 30" drop) 

;3 II 2ft ::10 40 "0 

I 

, ......... _ ...... -............................................. ......... ......... ......... ......... ........ . 
••••••••• ••••••••• ••• 0- ••••••••••••••••••••••• ......... .......... ......... ......... ........ . 
••••••••• ••••••••• ••••••••• •• 0- •••••• _ •••••••• 

••••••••• ••••••••• ••••••• 0- ••••••• 0-_ •••••••••• 

::::::::: ::::::::: ::::::::: ::::::::: ::::::::: 

• % Waler Content 

Koppers Company, Inc. 

LOG OF BORING NO. B-13 
0-4334 

RITTENHOUSE-ZEMAN & ASSOC. 
son.s ENGINEERING .... t.'D GEOLOOY 

--------------------------------------------------------------Koppers022930,---------
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son.. DESCRIPTION 

i:j 
;-.. 

U> ~ 
L.J Q 

STANDARD 
PENETRATION RESISTANCE 

~ ~. 5 
~ ~ g 

Blows per loot 

(140 lb. il:lmmer. 30" drop) 

l:l Surlaee Elevation: ~ 0 10 ?O ~n 4n ::- 0 

L:::GEND 
I 2.0" O. D. split spoon sampler· Sample not recovered 

n 3.0" 0.0. W\chsturbed sampler ~ Piezometer tip 

P Sampler pushed SZ Water leYe1 
AUerberr limits: ~ _ LIquid Umlt 

~ Hahlral water content 
P1ut1c Limit .. 

• % Water Content 

Koppers Company, Inc. 

LOG OF BORING NO. B-14 
0-4334 

RITTENHOUSE-ZEMAN & ASSOC. 
SOn.! ENGINEERING Alo1> GEOLOGY 

--------------------------------------------------------------Koppers022931 



. , .' ~ : .. ": ~.:: .::: . : --: - . 

son.. DESCRIPTION 
;:: 
'" ~ Surface Elevation: 

1-2" rounded river-run gravel ballast \vith oily 
I-- _blP.d,_sand¥ SILT. _______ _ 
I-- 4" diced rock ballast with oily black, fine to 
I--- rredium SAND (FILL). 

5 
Ebttcm of l:oring at 3.5' due to inp:=metrable 
condi lions caused by large ballast clast size 

- and caving conditions. N:>te: Fbur.attempts 
~ to penetrate ballast in this area were tm

I-- successful. 

I--

!- 10 

i---

I--

'-

I--

15 

r-
f

I-

I-

I- 20 

I--

,.....--

I-

f--

~25 

f--

f--

f--

'

~ 30 

-
,.....--

f-

LEGEND 
I 2.0" O.D. split .poon sampler· Sample not recovered 

n l.O" O.D. uncl1slurbed sampler ~ Ple%ometer lip 
P Saznpler pluhed SZ Waler leyel 
Atlcrberr limits: r-.---I _ Liquid limit 

"'" ~ Nahlral waler eonleol 
P\.uUc Limit 

STANDARD 

PENETRATION RESISTANCE 
Blows per lool 

(140 lb. ilammer. 30" drop) 

• % Water Contenl 

Koppers COmpany, Inc. 

LOG OF BORING NO. B-lS 

0-4334 
RITTENHOUSE - ZEMAN & ASSOC • 

SOn.s ENGINEERING AND GEOLCCiY 

--------------------------------------------------------------Koppers022932 
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A. -
To: 
From: 

cc: 

Eric Blischke, Oregon DEQ 

Steve Sonncn ~$ 

Sandra Han. NWNG 
Frank. Selker, Decision Focus 

Richard Bach, Stoel Rives 

Subject.:' Baseline Human Health Risk 

Assessment for Northwest Natural Gas 

Gaseo Site - Conceptual Model 

Date: 

lob No.: 

, August 16, 1996 

4810.0010 

This memorandum describes the conceptual model proposed fOT the bac;cline human health risk 
, assessment for the Gasco Site. based on Site-related chemicals, exposure pathways, and . 

receptors of likely concern as identified in the remedial investigation (RT~ Hahn and Associates, 
1996). Also included is a brief description of the methodology which will be employed to 
complete the risk assessment. . 

Methodology for Construction of the Conceptual Model 

The conceplual model to be employed in the Gasca Site risk assessment will identify chemicals, 
exposure pathways, and receptors of potential concern and will be used to guide the 
implementation of the analysis and risk characterization phases of the risk al;sessmenl. 

Chemicals of possible concern, as identified in the RI, have been initially evaluated to focus the 
risk ac;sessment efforts on those chemicals having a potential to cause significant human health 
impacts. To focus the analysis, the maximum concentration of chemicals detected at the Site, 
within each environmental medium was compared to a possibly relevant regulatory standard. If 
the maximum concentration was greater lhan il.~ medium-specific standard. it was retained for 
further evaluation. 

Atlhe Gasco Site, background data have been collected only for WiJlamette River sediments. 
Therefore, all chemicals for which there are no regulatory standards will bc retained for fUI1her 
evaluation. Because there are no standards for the chemicals detected in the sedimenL~, a 
background comparison will be used as the retention criterion. Chemicals retained through these 
focusing steps are deemed to be chemicals of potential concern (COPCs). 

Possible exposure pathways will be evaluated to determine whether or not they are complete. As 
shown in Figure I, a pathway will be deemed to be complete if all of the following are present: a 
contaminant source (current or historic). a release mechanism, an environmental transporl or 
residency medium, 8IYCXpOSurc route, and a receptor. Pathways which are incomplete at the Site 
and are expected to remain incomplete wm be dismissed. Complete pathways will be retained 
and considered to be of potentia1 concern. Such pathways will be subject to fulther evaluation. 

Possibl~ receptors will be evaluated to identify populations potentially exposed to COPCS. TIlis 
evaluation will be based on current and reasonably likely future land and water uses. 

11000 

! I> It:':' ((;::;'~ rc:: n r\ '7 r:~c: \':- 1 
! I I \ '\ ,r~ \:.-7 <:::'. I l ~, ; ,~ __ If'\\ 
til ! f F'C'::"- ::-,_·l:::c:.,":O __ .:......:~:::.,11 ) II 
ili) 1\ fi i 'Ii 
}\ ,- t ::; ! It 
\1 r \ ! I ?-")r :! (; 
~' :\ \ i - ::; i ;!: 

[J\\ L_~_~~_~ __ ~_ _i~lj 
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Figure 1. Conceptual Model Elements 
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~UNlbUM~KY WHl~UN 

Populations identified as h ng exposure potential under appropriat md use scenarios are 
regarded as being of potentIa! concern and will be subjected (0 furthe. evaluation. 

The process of identifying chemicals, exposure pathways, and receptors of potential concern will 
be iterative. Designation of COPCs. for example. will take information regarding likely 
exposure pathways and receptors into account. Likewise, pathways and receptors can not be 
identified in isolation of the other two components of the conceptual model. 

This process of identification of chemicals, exposure pathways, and receptors of potential 
concern has provided the basis for the proposed conceptual model, with the understanding that 
the conceptual mode) may need to be updated and refined as infonnatioll about the Gasco Site is 
analyzed and placed in perspective. 

Designation of Chemicals of Potential Concern 

The RI has identified the release of various chemicals to the soil, air, surface water, and 
sediments. The COPCs have been designated by environmental medium from the universe of 
chemicals detected during the RJ. with consideration of pathways and receptors. 

Each medium addressed below is accompanied by a table of information. The accompanying 
table lists each chemical analyzed for (excluding generdl indicalor analyt.es), the maximum 
observed concentration in that medium during the RI. and the standard against which the 
maximum concentration has been compared. Tn the case of ~edimenL~. for which no standards 
are available. no table is provided. 

Table 1 provides the information used to designate COPCS in air for the Gasco Site. Air 
monitoring was conducted during drilling activities pelformed during the Rl. More extensive air 
monitoring was also performed to assess ambienl air concentrations downwind of the LNG 
Storage Tank Containment Bar;in. Only benzcne, toluene. ethylbenzcne, xylenes (BTEX). and 
titanium were detected during air monitoring performed while drilling for the RI. Clnd the 
maximum concentrations of these chemicals are far below their respective regulatory standards. 
Thus. no COPCs arc defined for air, and it is proposed that air be dismissed as being a pathway 
of potential concern (see Desi gn uti on of Exposure Pathways of Potential Concern below). Dust 
is further evaluated separately below. 

Surface Sojl 

Table 2 provides the information used to designate COPCs in surface soil for the Gasco Site. 
Shading in Table 2 indicates thut the maximum concentration exceeds the medium-specific 
regulatory standard for that particular chemical and the chemical is. therefore. deemed to be a 
COPC. 

As indicated in Tahlc 2, the following compounds are deemed to be COPCs and are to be 
evaluated in the risk assessment: 

• total petroleum hydrocarbons (TPH)-diese)/oiJ range 

• arsenic 
• benzo(a)anthracene 
• benzo(b)fJuoranthene 

• benzo(k)fluoranthene 
• benzo(a)pyrene 

Conceptual ModeJ 
Technical Memorandum 
Gasco Site 
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Table 1. Maximul. ;oncentration of Chemicals in. . at the Gasca Site 

Maximum Oregon OSHA PJ4;V 
Chemical Concentration TWA E 
VO(,;s (ppm) (ppm) (ppm) 
benzene 0.11 I 5.0 
toluene 0.007 )00 (skin) 300 
ethylbenzene 0.090 100 300 
xylenes 0.046 100 300 

Metals (mg/m3
) (mglmJ) (mglmJ) 

antimony <O.OO9Tf 0.5 1.5 
arsenic <O.OOO9tt 0.01 0.03 
bery1lium <0.0005" 0.002 0.005 

cadmium <0.OOO2tt 0.005 0.015 
chromium <O.002tt 0.5 1.5 
copper <0.002tt 0.1 0.3 

lead <0.0009tt 0.05 0.15 

nickel <0.OOO5tt 1 3 
selenium <0.002" 0.2 0.6 
siJver <0.OOO5it 0.0 0.0 
titanium 0.005 10" 30 
zinc <O.002tt S" 15 

Particulates (mglm') (mglm') (mg/m') 
Total Airborne Dust <O.2TT 10 30 

PAHs (J.1g/m» (J.LglmJ) (J.1g1m3
) 

acenaphthene <D.3tt 

acenaphthylene <0.1" 
anthracene <O.Ol,t 200 600 
benzo(a)anthracene <O.Oltt 
benzo(b )fluoranthene <O.02tt 

benzo(k)fluoranthene <O.Ol't 
benzo(a)pyrene <O.OJ-It 200 600 
benzo(ghi)pery Iene <O.OITT 
chrysene <D.Ol-1t 200 600 
dibenzo(ah)anthracene <0.0 III 
fluoranthcnc <O.Ol,t 
fluorene <D.Ol,t 

indeno(I.2.3-cd)pyrene <O.Ol rt 

naphthalene <0.1 tt 50,000 150,000 
phenanthrene <0.0111 200 600 
pyrene <O.OI H 200 600 
TPEL-Penmsslble Exposure LImlt. TWA-TlIne Weighted Average, E-Exposure LImIt, 
C-Ceiling Limit. 

tiNot detected. Value listed is the detection limit which was highest for all samples tested. 
"Titanium TWA is as titanium oxide. zinc TWA is as zinc ox.ide. 

11000 ... 

C 
(ppm) 

500 

(mglmJ) 

0.025 

(mg/m') 

(J.1g1m') 
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Table 2. Maximum Co. ~entrations 01 Chemicals In Surf.. ~ Solis at the Gasco Site 

Chemical 

VOCs 

benzene 
toluene 
ethyl benzene 
xylcnes 

TPH 

Maximum Concentration (mglkg) 

<0.3' 
<0.31 

<0.3' 
<OJI 

Regulatory Standard (mglkg) 

2' 
6,000-
20,000' 
2,500' 

TPH-ga.c;oline <10' 80'" 
~~~I~~'~lfrcl~~ ~~~r~~~~~~~I1~.t~}f~~ t4~~~~f~t{1t.~~~~~~,®~E~~~~~~f(.~~~i;l:~~'tf*~;, 

Metals 

antimony 6.6 280d 

·$.~rn~~~.t~I.~1i fl~~_J~t~~~~~~l!~lm ~~~t~r~~~~~~ft~~~~~11~;~~~f:;~~ 
beryllium <1.0' l' 
cadmium 1.1 1,000' 
chromium 30 1,500' 
copper 60 80,000' 
lead 60 2,000' 
mercury <0.1 1 600' 
nickel 26 40,000-
selenium <0.1' 100· 
silver <0.1' 10,000' 
thal1ium 7.6 S64 

zinc 160 7,SOO< 

Phenols 

4-chloro-3-methylphenol 
2-chlorophenol 
2,4-dichlol'ophcnol 
2,4-dimethylphenol 
2,4-dini trophenol 
2-methyl-4,6-ilinitrophenol 
cresols, lotal 
4-mcthylphcnol 
2-nitrophcnol 
4-nitrophenol 
2,3.4.6-tetrachlorophenol 
pentachlorophenol 
phenol 
2,4.5-trichlorophenol 
2.4.6-trichlorophenol 

1000--

<51" 
<S1" 
<511> 
<Slit 
<9911 

<SIlt 
<51" 
<SI" 
<51 rt 

<51" 
<51" 
<S1" 50' 
<5111 

<SIn 
<51 n 500' 
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Table 2. Maximum Con_ ~ntrations of Chemicals In Surfa .l Soils at the Gasco Site 

PAHs 

acenaphthene 
acennphthy lene 
anthracene 

INot 

9.2 
29 

212 

100,000' 

600,000' 

!S,ooo· 

60,000· 

"Not detected. Value listed is the detection limit which was highest for all samples tested. 
-Industrial Maximum Al10wable Soil Concentration (OAR 340-122-045). 
'UST Level 2 Cleanup Standard (OAR 340-122-335). 
< 40CFR 530.13(b) 1. 
"Risk-based calculation. A'\sumes 70 kg body weight, 100 mgld soil jnge~tion rdte, a hazard quotient of 
1.0, and reference doses (RIDs) of 4E-4 and 8E-5 (mg/(kg*d» for antimony and thallium, respectively. 
(Source: IRIS, April 1996.) 

liOOO---
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• chrysene 
• dibcnzo(ah)anthracene 
• indeno( l,2,3-cd)pyrene. 

Three chemicals for which no soil standards exiSl were detected. All are non-carcinogenic 
polycyclic aromatic hydrocarbons. PAHs-acenaphthylellc, benzo(ghi)perylcne, and 
phenanthrene. Other non-carcinogcnic PAHs detected at the Site have regulatory ~1andards 
which exceed the maximum concentrations of these three by severa] orders of magnitude. If 
these other non-carcinogenic P AHs are considered to be surrogates for the three non
carcinogenic PAHs lacking standru-ds, they can be dismissed. Further, given the extensive 
presence of carcinogenic PAHs in Site surface soils, the magnitude of risk contributed by PAHs 
will nOL be affected significantly by dismissing thcsc thrce compounds from further analysis. 
Thus. accnaphthylene, benzo(ghi)perylene, and phenanthrene are not regarded as copes in 
sUlface soil. 

Subsurface Soil 

Table 3 provides the information used to dcsignate copes in subsurface soil. Again. 
background data are not available at this time. Shading in Table 3 indicates that the maximum 
concentration exceeds the medium-specific regulatory standard for that panicular chemical and 
the chemical is, t.herefore, deemed Lo be a cope. The copes identified for this medium are: 

• benzene 
• TPH-gasoline rangc 
• TPH-diesel/oil range 

• arsenic 
• benzo(a)anthracene 
• benzo(b)f1uoTanthcnc 
• bcnzo(k)t1uoranthcnc 
• benzo (a)py rene 

• chrysene 
• dibenzo(ah)antbracene 
• indeno( 1 ,2,3-cd)pyrcllc 

• naphthalene 
• phenanthrene. 

As was the case for surface soils, standards do not exist for all analytes listed jll Table 3. By the 
same rationale as for surface soils. acenaphthylcnc and bcnzo(ghi)pcrylcnc in subsurface soils 
have not been retained for further analysis. Phenanthrene will, however, be retained as its 
maximum concentration exceeds the regulatory standard for naphthalene, a. reasonable surrogate 
compound. 

Wipe samples were taken at two locations during the RI. The concentrations of P AHs found in 
these samples are presented in Table 4. Becausc personal monitoring dala for exposures lo 
VOCs and dust were collecled in association with drilling activities which took place during the 
RI and exposures to these compound~ were wen below pemlissible limits. dust will not be 

Concepcual Model 
Technical Memonmdum 
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Table 3. Maximum Co .. ~entratlons of Chemlca's In Sub~h .. rface Solis at the Gasco 
Site 

VOCs 

toluene 
ethyJbenzene 
xylenes 

TPH 

Metals 

antimony 
" .. , 

beryllium 
cadmium 
chromium 
copper 
lead 
mercury 
nickel 
selenium 
silver 
thallium 
zinc 

Phenols 

3-mcthylphcnol 
2-chlorophenol 
2,4-dichlorophenol 
2,4-dimethylphcnol 
2,4-dinitrophenol 
2-methy 
cresols, lOlal 
4-melhy Jphenol 
2-nitrophenol 
4-nitropheno] 
2,3.4,6-tetrachlorophenol 
pentachlorophenol 
pheno] 
2,4.5-trichlorophcno] 
2,4,6-

11000~ 

280 
140 
220 

<l.ot 

<l.ot 
4.3 
30 
80 
130 

<0.10' 
41 

<1.0' 
<1.0' 
5.0 

3,000 

<51# 
<."ipt 
<5]" 
<51 tt 

<99tt 

<Spt 
<spt 
<SITT 
<51 ft 

<.'5pt 
<SIT! 

0.36 
<51ft 

<SPT 
<Spt 

6.000' 
20,000' 
2.500· 

280d 

I" 
l,oooa 
1,500· 

80,000' 
2.000-
600" 

40,000' 
100' 

10.000' 
56d 

7,500" 

50' 

500" 
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Table 3. Maximum COf,,;entratlons ot Chemicals In SUbttorface Solis at the Gasco 
Site 

PAHs 

acenaphthene 
acenaphthylene 
anthracene 

9,210 
1,960 
1.650 

detected. Value listed is the deLecLion limit. 

100,000' 

600,000' 

"Not detected. Value listed is the detection limit which was highest for all samples tested. 
<Industrial Maximum Allowable Soil Concentration (OAR 340-122-045). 
bUST LeveJ 2 Cleanup Standard (OAR 340-122-335). 
<40CFR 530.13(b)1. 
~Risk-based calculation. Assumes 70 kg body weight, 100 mg/d ~ojl ingestion rate, a hazard quotient 
of 1.0, and reference doses (RIDs) of 4E-4 and 8E-5 (mg/(kg*d) for antimony and thallium, 
respectively. (Source: IRIS. Apri11996.) 

'Exceeds naphthalene standard. 

1000 
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Table 4. Concenlfatlons of Chemicals in Dust San.flles at Gasco Site 

acenaphthene 380 0.014 

acenaphthyJene <20' 0 

anthracene 440 0.016 

2600 0.097 
3400 0.126 

1300 0.048 
2900 0.108 
2500 0.093 

2900 0.108 

550 0.020 

3500 0.130 
150 0.006 

1900 0.07] 

68 0.003 
1500 0.056 

0.104 

Shading indicates exceedance of soil standards (see Table 3), 

1100 0 
1000 -. 

4.4 0.012 

1.7 0.004 
5.6 0.015 

33 0.087 
48 0.125 
18 0.047 
41 0.109 
37 0.096 
36 0.095 
7.5 0.020 
54 0.141 
1.9 0.005 
27 0.072 

1.1 0.003 
24 0.062 

42 n.110 
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evaluated via the inhalati,, __ pathway. Dust will be considered. ho~ _er, as patt of the ingestion 
pathway (see Designation of Exposure Pathways ofPotentjai Concern below). 

The following chemicals are regarded as COPo. in dust: 

• accnaphthenc 

• accnaphthylenc 

• anthracene 

• bcnzo(a)anthraccnc 

• benzo(b )fluorallthene 

• benzo(k)nuoranlhene 

• bcnzo(a)pyrene 

• benzo(ghi)peryJene 

• chrysene 

• dibcnzo( ah)anlhracenc 

• tluoranthenc 

• fluorene 

• indeno( 1 ,2,3-cd)pyrene 

• naphthalene 

• phenanthrene 

• pyrene. 

Ground Water 

The RI indicates that the ground water beneath the Gasco Site is contaminated with a variety of 
chemicals associated with the Site. However, the ground water in this area is not used as a 
potable source and it does not appear that there are any reasonably likely beneficial uses of 
groundwater. Thus. ground water will not be regarded as part of any direct exposure pathway of 
potential concern (see Designation of Exposure Pathways of Potential Concern below) and no 
COPCs for ground water are designated for the purpose of this risk assessment. 

Surface Water 

Given that direct surface water expo~"Ure pathways arc not deemed to be complete (see 
Designation of Exposure Pathways of Potential Concern below), no copes have been 
designated for this medium .. The only surface water on Site is within engineered waste water 
facilities, and the volume of water in the Willarnette River would appear to result in considerable 
dilution of the permitted discharges and ground water seepage. 

Sediments 

Sediment samples were taken at several locations in the Willamette River, along, downstream, 
and upstream of the Gasco Site. The upstrcam samples will be regarded as Site-specific 
background samples. Given that no standat'ds exist against which to compare maximum 
observed downstream chemjcal concentralions, all chemicals whose concentrations arc elevated 
wiLh respect to background are considered to be of potential concern and will be retained for 
funher evaluatioll. 

Conceptual Model 
Technical Memorandum 
Gasco Site 
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The data presented in the k... demonstrate that all chemicals detected ul downstream scdiment 
samples within the River are elevated with regard to background. Thus. all chemicals detected 
will be deemed to be of potential concern for this medium: 

• TPH-gasoline range 

• TPH-diesclloil range 

• benzene 

• toluene 

• elhylbenzenc 

• xylene 

• acenaphlhene 

• acenaphthylene 

• anthracene 

• ben1.o(a)anthraccnc 

• benzo(b )fluoranthene 

• benzo(k)fluoranthelle 

• benzo(a)pyrene 

• benzo(ghi)perylene 

• chryselle 

• dibenzo(ah)anthracene 

• fluoranthene 

• fluorene 

• indeno( l,2,3-cd)pyrene 

• naphthalene 

• phenanthrene 

• pyrene. 

Because all on-Site sediments are located within engineered waste water facilities, exposure (0 

such sedimcnts is highly unlikely and will not be considered further (see Designation of 
Exposure Pathways of Potential Concern below). 

Biota were not sampled during the RI. TIle mosL likely exposure pathway associated with biota 
that could be affected by chemicals released from the Site is ingestion of fish from the 
Wi11arnette River (see Designation of Exposure Pathways of Potentia) Concern below). 
Chemical concentrations in fish will be estimated by modeling food chain uptake from sediment 
through the benlhos or sediment-dwelling organisms thal comprise the majority of the food 
resource for fish. Thus, the COPCs for biota are identical to those identified above for sediment 
in the River. 

Designation of Exposure Pathways of Potential Concern 

The conceptual model considers an exposure pathway to consist of an environmental medium 
and an exposure route. The universe of exposure pathways considered in this fonnulation 
include the following (categorized by medium. as discussed within Designation of Chemicals of 
Potential Concem above, within route): 

Conceptual Model 
Technical Memorandum 
Gac;;co Site 
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• inhalation 

- air 

- dust 

• ingestion 

surface soil 

subsurlace soil 

dust 
ground water 

sUlface water 

sediment 

biota 

• dermal contact 

surlace soil 

SubSUlface soil 

dust 

ground water 

surlace water 

sediment. 

Each of these possible exposure pathways is discussed below, by exposure route, to designate 
those of potential concern for the Gasco Site. 

Inhalation 

As indicated above within Designation of Chemicals of Potential Concern, no copes havc been 
identified for air. TIlese included both volatile compounds expected to be encuuntered within a 
vapor phase and relatively nun-volatile compounds expected to be encountered within a 
particulate or dust phase. 

Ingestion of soil and dust is considered to be an exposure pathway of potential concern (see 
Ingestion below). Thus, dismissing dust inhalation from further consideration is justified by not 
only the absence of detectable contamination in air while drilling (an activity deemed to have 
exposure potential similar to occasional excavation activities), but also by the fact that ingestion 
uf soil and dust is expected to contribute orders of magnitude more to thc risk estimate than is 
inhalation of these media. 

Therefore, inhalation pathways will not be regarded as being of potential com.:ern at the Gasco 
Sileo 

In&estion 

Incidental ingestion of surface soil and dust arc deemed to be potentially operative pathways at 
this site. Subsurface soil can also be incidentally ingested during short-term exposure events 
such a" excavation (see Designation of Receptors of Potential Concern below). 

As noted above within Designation of Chemicals of Potential Concern, direct ground water 
exposure pathways are not compJete at the Gasco Site. Although cOlllaminams have been found 
in the ground water under the Site. the ground water is nol in current beneficial use nor is it 
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expected to become a sourt._ ..,f drinking water in the future. Therek ,; ground water will not be 
included in the human health risk alt~essrnent in a direct sense. The effect of the ground water 
contamination will be evaluated, indirectly, through its impact on Willamette River sedimenl, the 
benthic community, and human ingestion of fish (see below). 

Surface water is present on Site within engineered waste water facilities and adjacent to the Site 
within the channel of the Willamette River. Incidental direct ingestion of waste water is deemed 
to be highly unlikely. Incidental ingestion ofWillarncllc River water, however, certainly does 
occur among recreational users of the River, but the volume of water in the WillameLte is such 
that substantial dilution of the Site ground water seepage and permitted discharges to the River is 
inevitable. Thus, ingestion of surface water wiIJ not be regarded as being a pathway of potential 
concern for the Gasco Site. 

Ingestion of sediment a~socjated with the engineered waste water facilities on Site is deemed to 
be highly unlikcly. While cxposure to River sediments is more likely, the presence of boulders 
along the shore, the absence of a beach, and the steep and deep morphology of the Wi1lametle 
channel next to the Site are not conducive to attracting recreational users. Moreover. the 
cleanSing action of thc overlying water column serves to mitigate allY contact with sediment and 
lowers the opportunity for incidental ingestion considerably. Thus, incidental ingeslion of 

. sediment will not be regarded as a pathway of potential concern. 

The final ingestion pathway under consideration is biotic ingestion. The Willwnette River is a 
sjgnificant fishery. Fish can be cxposcd to Site chemicals through (he ingestion of benthos 
dwelling on affected sediments. Thus, this pathway will be regarded as being of potential 
concern for this human health risk assessment. (It will also he considered in the ecological 
assessment). 

In summary, the foJlowing ingestion pathways are deemed to be of potential concern for the 
Gasco Site and will be subjected to detailed analysis: 

• surf ace soil 

• dust 

• subsurface soil 

• fish. 

Penna! Contact 

With the exception of biota, the universe of possible dennal exposure pathways is identical to 
that for ingestion. Thus, in accordance with the rationale provided above, the dermal contacL 
pathways of potential concern have been identified as the following: 

• surface soil 

• dust 
• sub.c;urface soil. 

Designation of Receptors of Potential Concern 

The final element of this conceptual model is the receptors - (he population of individuals 
potentially exposed to the designated copes. The universe of receptors of possible concern to 
be considered ill Ulis formulation will be as follows: 
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• on-Site employees 
permanent 

= Northwest Natural Gas (NWNG) 
= Koppers Company (Koppers) 
.. Pacific Nonhern Oil (PNO) 

- short-term contractors 
=> NWNG 
.. Koppers 
... PNO 

• Site visitors and trespassers 
• recreational users of the Wi1Iamette River 

fishermen 
- swimmers. 

AUG 15'96 14:04 No.013 P.16 

Each of these possible receptors is discussed below to designate those of potential concern for 
further analysis in connection with the Gasco Site. 

Qn-Site Employees 

The primary receptor population at the Gac;co Site consists of on-Site employees. This category 
includes both pennanent full-time employees and contractors on the three parcels operated by 
NWNG, Koppers. and PNO. Given that there arc three distinct operational parcels of land on the 
Site, each parcel will be evaluated separately as to its receptors of potential concern. 

Operative pathways for pennnnent employees may include ingestion of and dermal contact with 
surface soil and dust. Contractors could experience significant but short-term exposures not 
likely to be experienced by the pennanent staff, such as ingestion of and dennal contact with 
subswface soil. 

Site Visitors and Trespassers 

A second set of receptors includes authorized visitors to the Site and trespassers who wander 
onto the Site without authorization. This set of receptors will not be analyzed explicitly, 
because visitors and trespassers spend far less time on the Site than do permanent full-time 
employees. any health effects for these occasionally exposed receptors will clearly be far less. 
Accordingly, Site visitors and trespassers will nOl be regarded as being of potential concern for 
purposes of the remaining analytical effort associated with this risk assessment. 

Recreational Users Dftbe Willamette Riyer 

The final set of possible receptors consists of recreational users of the Willamette River. As 
mentioned previously (see Designation of Chemicals of Potentia] Concern and Designation of 
Exposure Pathways of Potential Concern above) • .site discharges to the River are highly diluted, 
there is no beach adjacent to the Site, and the cleansing effect of the water column serves to 
mitigate sediment exposures. Therefore, swimmers and similar types of recreational users (e.g .• 
jet skiers, water skiers. boaters, and wind surfers) are expected to experience minimal exposures 
to Site-related chemicals. This group of recreational users of the River will thus not be 
considered as being of potential concern. The category of individuals who ingest fish caught 
from the River, however, will be retained for further analysis. 
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Receptor Summary 

Receptors of potenlial concern for the Gasco Site are thus deemed to be: 

• permanent fuH-time and contractor employees on each of the three operating 
parcels 

• fishermen. 

Initial Conceptual Model and Methodology forAnalysis and Risk Characterization 

The proposed initial conceptual model for the Gasco Site is depicted in Figure 2. As mentioned 
earlier, the conceptunl model will be ~ubject to update and refinement pending further review 
and incorporation of further information from either site characterization or data analysis effort!;. 
Thus, risk conceptualization is best regarded a'l a dynamic, ongoing process throughout the 
duration of the risk assessment. 

The next pha~es of lhoba.c;clinc risk assessment will be analysis and risk characterization. These 
phases, too, are best regarded as dynamic. The chemicals, exposure pathways, and receptoffi of 
potential concern designated above wilt be evaluated initially to further refine the conceptual 
model and focus the subsequent probabilistic evaluation. 

Additional technical memoranda will be produced to document model structure and. input 
assumptions for the exposure and toxicity assessment subphases. If necessary, an jnterim risk 
characterization technical memorandum will document the results of the initial evaluation and 
refine the conceptual model. The final probabilistic evaluation will be documented by means of 
a rjsk assessment report. 

In addition to the baseline human health risk as.c;essmenl. a baseline ecological health risk 
assessment will be conducted. A separate conceptual model technical memorandum for this 
effon is under development. 

References· 

Hahn and Associates, 1996, Data Packagejor RemediallnvestigationIFeasibility Study, 
Northwest Nalural Gas Company Ga.-:C() Facilily. July 1996. 
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Figure 2. Proposed Initial Conceptual Model for the Gasco Facility 
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HAHN AND ASSOCIATES, INC. 
ENVIRONMENTAL CONSULTANTS 

April 14, 2005 

Mr. Matt McClincy 

-._--.------------------

Oregon Department of Environmental Quality 
Northwest Region, Portland Office 
Portland Harbor Section 

'.. .'.:. ".'.' ... ' ~ ... "' .' .. '.". ',' 

2020 SW Fourth Avenue, Suite 400 
Portland Oregon 9?201-4987 HAl Project No. 5237 

SUBJECT: March 2005 Progress Report for Remedial Investigation (RI) Activities, 
Siltronic Corporation Property, 7200 NW Front Avenue, Portland, 
Oregon 

Dear Mr. McClincy: 

Hahn and Associates, Inc. (HAl) has prepared this Progress Report summarizing RI 
work activities conducted by NW Natural that have occurred relating to the Siltronic 
Corporation (Siltronic) property during the month of March 2005. RI field activities for 
the site have been conducted as per the approved Final Focused Remedial Investigation 
(RI) Work Plan 1 (RI Work Plan), as well as the approved Supplemental RI Work Plan2 . 

This Progress Report has been prepared as per an Order (DEQ No. ECVC-NWR-00-27) 
issued jointly to both NW Natural and Siltronic by the Oregon Department of 
Environmental Quality (DEQ), dated October 4, 2000. As per the referenced Order, 
monthly progress reports are to be prepared by the 15th day of each month, with the 
reporting to continue for the duration of the project. 

Phase I Site Characterization and Source Control Evaluation Reporting 

Results of data submittals related to the most recent investigatory activities completed at 
the Siltronic property, prepared by Maul, Foster, and Alongi, Inc. (MFA) for Siltronic, 
were incorporated into revisions of the HAl report entitled Phase I Site Characterization 
Report, dated November 7, 2003 during March 2005. 

As requested by DEQ, the locations of hydrogeological cross-sections proposed for 
inclusion within the updated Site Characterization Report were provided to DEQ in e
mail correspondence dated March 18, 2005 (Rob Ede to Matt McClincy). DEQ 
forwarded MFA comments on the proposed cross-sections in correspondence dated 
March 14, 2005 (Matt McClincy to Bob Wyatt and Tom McCue). As per a telephone 
conversation on March 15, 2005 (Rob Ede to Matt McClincy), modifications to proposed 
cross-sections were agreed to as follows: 

1 Hahn and Associates, Inc. (2001). Final Focused Remedial Investigation Work Plan, Wacker Siltronic 
Corporation Property, 7200 NW Front Avenue, Portland, Oregon. June 1,2001. 

2 Hahn and Associates, Inc. (2002). Supplemental Remedial Investigation Work Plan, Wacker Siltronic 
Corporation .. 7200 NW Front Avenue, Portland, Oregon. March 7, 2002. 

434 NW 6th AVENUE, SUITE 203 • PORTLAND, OREGON 97209-3651 
503-796-0717 Telephone· 503-227-2209 Facsimile 

--------------------------------------------------------------Koppers022950---------
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• Section A-A' will be extended to the southwest to incorporate data from borings 
8-33,8-35, 8-28, 8-45, 8-46, and MW-12. 

• Section D-D' will be extended to the southwest to include borings 8-100, B-101, 
and WS-4. 

• Section F-F' will be extended to the east to incorporate data from borings B-5-8, 
and B-102-8. 

Section G-G' will be extended to the east to the RP-06/GP-27 location, with a 
break in section between the WS-27 location and the RP-06/GP-27 location. 

A new east/west cross-section, including boring locations 8-101, WS-1, 8-102, 
8-105, GP-11, WS-2, 8-106, WS-3, C3nd W-3-81, will be prepared .. 

Off-Site Ditch / City of Portland Outfall 22C Evaluation 

Laboratory data were received during March 2005 from surface water and sediment 
sampling activities completed by HAlon February 24, 2005. These sampling activities 
comprised the "wet season / dry period" sampling event and were conducted on 
February 24, 2005 in accordance with the March 15, 2004 Work Plan for Conducting an 
Off-Site Ditch / City of Portland Outfall 22C. Data from the February 2005 sampling 
event were summarized and tabulated in March.2005, with summary tables and a figure 
depicting sampling locations attached. 

Indoor Air Monitoring 

Indoor air monitoring activities were conducted at the Siltronic property on January 25, 
2005 by representatives of NW Natural in accordance with the revised Work Plan for 
Ambient Indoor Air Evaluation, Rev. 1, dated November 30, 2004. Data validation and 
report preparation related to these activities were conducted during March 2005. 

Anticipated Activities in April and May 2005 

With regard to the off-site ditch (North Doane Creek) / City of Portland Outfall 22C 
evaluation, HAl anticipates completion of the remaining wet season sampling activities 
(wet period event) during April or early May 2005, with these activities to be conducted 
as soon as weather trigger conditions as specified in the work plan are satisfied. Data 
summary tables from the February 2005 sampling event are attached. 

With regard to indoor air monitoring for volatile organic compounds, data summary 
tables from the January 25, 2005 sampling activities were provided to representatives of 

HAHN AND ASSOCIATES, INC. 
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Siltronic in e-mail correspondence dated April 5, 2005 (Mark Whitson to Tom McCue), 
and to DEQ in e-mail correspondence dated April 6, 2005 (Rob Ede to Matt McClincy). 
A report, describing the sampling activities and discussing the results, is anticipated to 
be available for submittal to DEQ the week of April 18, 2005. 

NW Natural will continue with revisions to the Phase I Site Characterization Report 
during March and April 2005, to include recently obtained results of Siltronic's 
investigatory activities obtained in February 2005. The updated Phase I Site 
Characterization Report is anticipated to be available for submittal to DEQ by May 16, 
2005. 

Should you have any questions, please contact the undersigned. 

t.Ae~eIY, 

(\,\1 &-
Robert Ede, R.G. 
Sr. Associate 

robe@hahnasoc.com 

c: Mr. Bob Wyatt, NW Natural 
Ms. Patty Dost, Schwabe, Williamson & Wyatt 
Mr. Carl Stivers, Anchor Environmental, L.L.C. 
Mr. Tom McCue, Siltronic Corporation 

HAHN AND ASSOCIATES, INC. 

~~~~~~~~~~~~~~~~~~~~~~~~~----~~------Koppers022952---------
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TABLE 1 - Summary of Surface Water Testing Results 

Analytical Parameters 
City Outfall 22C 

Sample Location ==> (Station -01) 

Sample Number ==> CO-22C-01 5237-05224-100 -05224-101 (DUP) 

Sampled By 1 ==> AMEC HAl HAl 

Sample Date ==> 13-AuQ-02 24-Feb-05 24-Feb-05 

General Chemistry by EPA 160.2 2340B 300 , 
Total Suspended Solids 47,000 I -,-

Hardness 290,000 I- I 
!-
I 

Chloride 30,800 :- !-
Cyanide-Total - i 8.5 18.4 , 

j 

Cyanide-Amenable - 6. '6.3 

! ! 
Sulfate 4,710 ;-

Alkalinity 360,000 ,- -

Volatile Oraanic Compounds (VOCsl bv EPA 8260B 

Acetone 3.56 25.0 U '-

Benzene 3.15 1.00 U-

Chlorobenzene 0.605 1.00 U -

iso-Propylbenzene 0.577 2.00 U -

Naphthalene 13.4 2.00 u-
Toluene 0.5 U 1.00 U -

All others U U -

Semi-Volatile Oraanic Compounds ISVOCsl bv EPA 8270C or bv EPA 8270M-SIM 

Acenaphthene 32.5 

Acenapthylene 0.182 

Anthracene 0.456 , 

Benz(a)anthracene 0.042 U 

Benzo(a)pyrene U 

Benzo(qhi)perylene 0.033 U 

Benzo(k)flouranthene U 

Benzo(b)fluoranthene 0.037 U: 

Chrvsene 0.024 U 

Dibenzofuran 1.72 

Dibenzo(a, h) anthracene U 

Fluoranthene 2.05 
, 

Fluorene 6.26 , 
Indeno(1,2,3-cd)l2yrene 0.029 U' 

Nal2hthalene 0.688 

Phenanthrene 0.243 ----_. __ .. 
!'YreD~ _____ 2.03 --_.- ----_. 

All others U - ----

Focused Remedial Investigation 
Siltronic Corporation 
7200 NW Front Avenue 
Portland. Oregon 
File: 5237.Surf.water.C022C.APROS update.xls. 03.28.05 RO 

4.15 4.51 

0.0296 0.0277 

0.0552 0.0514 

0.0195 J 0.0209 

0.0145 J 0.0192 J 

0.0138 J 0.0180 J 

0.0125 J 0.0157 J 

0.0167 J , 0.0195 J 

0.0209 ! 0.0227 

3.00 ui -
0.0100 U! 0.0100 u 

i 0.314 : 0.2640 

0.812 i 0.7410 , 
0.0122 J ! 0.0159 J 

0.281 , 0.2590 

0.0476 0.0458 

0.265 0.2720 

u: __ LL 

-
-

Laboratory Analytical TestinQ Results in ug/L (ppb) 
Northwest Drainage Pond North Doane Lake Outlet 

(Station-05) (Station-02) 

NDP-101-W 5327-05224-102 5237-05224-103 

AMEC HAl HAl 

13-Auq-02 24-Feb-05 24-Feb-05 

93,000 1- - -

110,000 1- - -
14,000 I- - -

5. U 5. U 
I , 
! 5. U 5. U 

i 1,560 1- - -
160,000 ,- - -

2.95 
1 

25.0 U U ; 25.00 
; 

1.47 1.00 U 1.00 U 

0.5 U. 1.00 U 1.09 

0.5 U 2.00 U 2.00 U 

5.89 2.00 U 2.00 U 

0.563 1.00 U 1.00 U , 
U U U 

, 
9.53 0.109 0.167 

0.0144 U 0.0100 U 0.0100 U 

0.184 
, 

0.0348 0.0109 J , 
, 

0.141 0.0124 J 0.0109 J 

u: 0.0117 J 0.0125 J 

0.163 i 0.0109 J 0.0114 J 

U 0.0100 U 0.0100 U 

0.453 , 0.0130 J 0.0130 J 

0.25 i 0.0155 J 0.0139 J 
! 

1.01 1 3.00 U 3.00 U 

ul 0.0100 u 0.0100 U 

1.59 i 0.0282 0.0318 
I 

1.16 
, 

0.0359 0.0654 , 

0.136 I 0.0100 U 0.0100 U 

0.0211 ul 0.0964 0.688 

U L 0033§.. __ 0.0211 0.0447 --.-. 

1.57 ! 0.0269 0.0293 
; .. -- ---

u: u u 
-

Forest Park Culvert Koppers Inc. Culvert 
(Station - 03) (Station - 04) 

5237-05224-104 5237-05224-106 

HAl HAl 

24-Feb-05 24-Feb-05 

-

-

-
5. U 11.5 

5. U 10.7 

-
-

25.0 U 25.0 U 

1.00 U 1.00 U 

1.00 U 1.00 U 

2.00 U 2.00 U 

2.00 U 2.00 U 

1.00 U 1.00 U 

U U 

0.0100 U 0.0325 

0.0100 U 0.0100 U 

0.0100 U 0.0542 

0.0100 U 0.213 

0.0100 U 0.282 

0.0100 U 0.231 

0.0100 U 0.210 

0.0100 U 0.278 

0.0100 U 0.232 

3.00 U 3.00 U 

0.0100 U 0.0726 

0.0100 U 0.346 

0.0100 U 0.0198 J 

0.0100 U 0.201 

0.0200 U 0.0200 U 

0.0100 U 0.135 

0.0200 U 0.299 

u U 

Screenina Leyels5 in ug/L 

Ambient Water 

Quality 

Criteria2 

(Human) 
I 

# 
! 

# 

# 

220,000 
I 

220,000 

#! 

#! 

# I 
51' 

21,000 

#' 

#' 
I 

200,OgO 

# I 

990 

# I 
40,000 

0.018 

0.018 

#. I 
0.018 I 
0018 , 
0.018 , 

#' ~ 

0.018 

140i 

5,30Q 
J 

0.~1! 
I 

#, , 
j 

4,000 I 

# I I 

Ambient Water 

Quality 

Criteria2 

(AQuatic-CCC) 

# I 

# 
i 

230,000 I 

5.2 
I 

5.2 
i 

# 

20,000 

# 

# 

# 

# 

# 

# i 
# 

# 

# 

# 

# , 

# 

# , 

# 

# 
, 

; 
# 

# 

# 

# ; 

# 
, 

# 

# 

DEQ Levell! 

Screening 

Level3 

Values 

# 

# 

# 

52 

52 

# 

# 

1,500 

130 

50 

# 

620 

9.80 

# 

520 

# 

13 

0.03 

0.014 

# 

# 

# 

# 

3.70 

# 

6.16 

3.90 

# 

620 

6.30 

# 

# 

.-

Page 1 of 2 
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TABLE 1 - Summary of Surface Water Testing Results 
~- ---

l<1boratory Analytical Testing Results in ug/L (ppb) IAnal}'tical Parameters I 
City Outfall 22C Northwest Drainage Pond North Doane Lake Outlet 

Sample Location ==> (Station -01) (Station-OS) 

Sample Number ==> CO-22C-01 5237-<J522'-' 00 r-0522'-' 01 (DUPI NDP-l0l-W 5327-05224-102 

Sampled By 1 ==> AMEC HAl HAl AMEC HAl 

Sample Date ==> 13-Aug-02 24-Feb-05 24-Feb-05 13-Aug-02 24-Feb-05 

Total Metals by EPA 6010 or 6020 

Antimony - 1.00 ui 1.00 u - 1.00 

Arsenic 1.14 J 1.00 u: 1.00 U 11.60 J 1.00 

Aluminum 9.00 U - i - 1,780 -
Barium 56.90 20.8 

! 
20.3 96.40 12.3 

Boron 73.70 - i - 121 -
Cadmium' 

I 
0.01 U 1.00 u: 1.00 U 0.016 1.00 

Calcium 70,800 - - 27,200 -

Chromium 0.04 U 1.00 : 1.00 U 4.04 1.00 

Cobalt 2.74 - - 9.52 -

Copper' 45.00 2.00 U 2.00 U 11.10 2.00 

Iron 19,100 3,230 3,180 22,300 648 

Lead' 0.082 U 1.00 U 1.00 U 5.20 1.00 

Magnesium 26,700 - - 9,380 -

Manqanese 3,470 341 340 2,660 62.6 

Mercury - 0.200 U 0.200 U - 0.200 

Molybdenum 13.60 - - 44.10 -
Nickel' 2.23 2.00 U - 4.41 2.00 

Potassium 4,770 - - 2,270 -
Iselenium - 2.00 U 2.00 U - 2.00 

. Silicon Dioxide 42,600 - - 35,400 -

Iisilver 1.18 1.00 U 1.00 U 0.80 U 1.00 

'ISodium 36,100 - - 25,300 -

Thallium - 1.00 U 1.00 U - 1.00 
I 

'IVanadium 0.73 U 5.00 U' 5.00 U 21 J 5.00 

Zinc' 
, 

7.64 U - , - 345 -

Note: 1 = AMEC Earth & Environmental, Inc., Remaining Remediallnvesfigation Technical Memorandum, RPAC-Portland Sile, 
February 4, 2003. 

2 = Lowest value provided in the Ambient Water Quality Criteria (EPA 822-R-02-047, November 2002) based on Fresh Acute, 
Fresh Cronic (Aquatic Life Protection) and Fish Consumption Only (Human Health) Pathway. 

3 = Where no AWQC are available, DEQ Levell! Screening Level Values for Ecological Risk Assessment were used, 
Revised December 2001. 

4 = AWQC adjusted based on a hardness of 25 parts per million. 
S = Screening levels are used for comparative purposes only. 

Bold = Concentration exceeds Reference Level 
AWQC = Ambient Water Quatity Criteria 
DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 
J = estimated concentration 
ppb = parts per billion 
U = not detected above concentration indicated 
ug/l = microgramsniter 
# = Reference Level not established 

Focused Remedial Investigation 
Siltronic Corporation 
7200 NW Front Avenue 
Portland. Oregon 
File: 5237 _Surt_Water_C022C_APR05 update xis. 03_28_05 R.O 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

(Station-02) 

5237-05224-103 

HAl 

24-Feb-05 

1.00 U 

1.02 

-
21.40 

-
1.00 U 

-
1.00 U 

-
2.00 U 

1,180 

1.19 

-
192 

0.200 U 

-

2.00 U 

-
2.00 U 

-

1.00 U 

-
1.00 U 

5.00 U 

-

_._-

Forest Park Culvert Koppers Inc. Culvert 
(Station - 03) (Station - 04) 

5237-05224-104 5237-05224-106 

HAl HAl 

24-Feb-05 24-Feb-05 

1.00 U 1.00 U 

1.00 U 1.00 u 
- -

7.42 28.20 

- -

1.00 U 1.00 U 

- -

1.00 U 1.00 U 

- -
2.00 U 2.00 U 

458 653 

1.00 U 1.00 U 

- -
4.31 675 

0.200 U 0.200 U 

- -
2.00 U 2.00 U 

- -
2.00 U 2.00 U 

- -

1.00 U 1.00 U 

- -

1.00 U 1.00 U 

5.00 U 5.00 U 

- -

--

Screening levels' in uQ/L 

Ambient Water Ambient Water 

Quality Quality 

Criteria2 Criteria2 

(Human) (Aquatic-CCC) 

I 
640 # 

0.14 150 

#' # , 
1,000 # 

# # 

# 0.09 

# # 

# 11.00 

#, # 

1,300 I 2.70 
, 

300 1,000 

#1 I 0.54 

# # 

100 # 

JL~_ i 0.77 
I 

# I # 

4,600. I 16.10 

# I # 

4,200 I 5.0 , 

# 
] 

# : 

# i 3.20 

if. # 

6.30 # 

# # 

26,000 36.50 

I 

I 
I 
I 

I 
i , 
I 
i , 
I 
I 

I 
! 
! 

i 
! 
I 
I 
!. 

: 
I 

1 

! 
, 
i 
i 

I 
! 

DEQ Level II 

Screening 

Level3 

Values 

1,600 

150 

87 

4.00 

1.60 

2.20 

116,000 

11 

23.0 

9.0 

1,000 

2.50 

82,000 

120 

0.012 

370 

52 

53,000 

35 

# 

0.12 

680,000 

40 

20 

120 

, 

I 
I 

I 

I 

i 

J 

J 

I 
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TABLE 2 - Summary of Surface Sediment Testing Results 

Analytical Parameters .--- - Laboratory Analytical Testing Results 

Sample Location ::::::::> _ Northwest Drainage Pond North Doane Creek - Midpoint 

Sample Number ==> 5327 -05224-01 5327-05224-02 

Sampled By ==> HAl HAl 

Sample Date ==> 24-Feb-05 24-Feb-05 

Cyanide by EPA 9010A or 9010B in m<l/k<l 

0_anide (amenable) 0.227 U 0.227 U 

CYanide (total) 0.227 U 0.227 U 

Total Mercurv by EPA 7471A in m<l/k<l 

Semivolatile Organic Compounds (SVOCs) bV EPA 8270M-SIM or 8270C in MCJikg 

Acenaphthene 1.85 0.134 U 

Acenapthylene 0.268 U 0.134 U 

Anthracene 2.78 0.134 U 

8enz(a}anthracene 1.66 0.168 

Benzo(a)pyrene 1.29 0.243 

Benzo(Qhi)~e[lllene 0.814 0.197 

Benzo(b )fluoranthene 1.31 0.243 

Benzo(k)fioranthene 1.12 0.189 

Carbazole 0.668 J 0.139 U 

Chrvsene 1.94 0.207 

Dibenzofuran 0.981 J 0.139 U 

Dibenzo(a hl anthracene 0.268 U 0.134 U 

Fluoranlhene 4.43 0.244 

Fluorene 2.64 0.134 U 

Indeno(l 23-cd]pyrene 0.714 0.167 

Naphthalene 0.268 U 0.134 U 

Phenanthrene 6.05 0.134 U 

Pvrene 3.66 0.249 

All Others U U 

Total Metals by EPA 6010 or 6020 or 7471A in mg/kg 

Antimony 1.53 0.500 U 

Arsenic 5.45 0.500 U 

Barium 126 84.8 

Cadmium 2.45 U 0.500 U 

Chromium 21.1 4.10 

Copper 27.6 8.12 

l.ro-,,- 26400 20.200 

Lead 34.7 7.39 

Manqanese 452 578 

Mercurv 0.0481 U 0.0532 U 

Nickel 14.2 3.89 

Selenium 0.500 U 0.500 U 

Silver 0.500 U 0.500 U 

Thallium 0.500 U 0.500 U 

Vanadium 84.0 42.9 

Note: 
1 = DEQ Level II Screening Level Values for Ecological Risk Assessment, Revised December 2001. 
2 = Screening levels are used for comparative purposes only. 

Bold = Concentration exceeds Reference Level 
DEQ :;:- Oregon Department of Environmental Quality 
EPA = U. S. Environmental Protection Agency 
J = estimated concentration 
ppm = parts per million 
U = not detected above concentration indicated 
mglkg = milligram per kilogram 

# = Reference Level not established 

Focused Remedial Investigation 
Wacker Siltronic Corporation 
7200 NW FrontAvenue 
Portland, Oregon 
Fila: 5237_SED_C022C_APR05 update. xis, 02_24_05 SED 

# 

# 

# 

# 

# 

# 

# 

# 

# 

Screeni!!!! Levels' 

DEQ Level II 

Screening 

Level' 

Values 

0.33 

0.33 

0.032 

0.26 .-
/ 

0.35 

0.29 

0.24 

0.14 

0.5 

0.42 

0.23 

0.064 

0.034 

0.078 

0.032 

0.56 

0.57 

3. I 
12. 

I 
0.6 

56. 

28. 

34. I 
1600. I 

~ 39.6 

4.5 
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07/30/92 13: 11 KOPPERS PORTLAHD [lIJ1 

KOPPERS £A MriJ/f;;&;t '( /(Ir~ 
if INTEROFFICE CORRESPONDENCE 

'NDUSTR,I:S 

To: Larl'Y Flaherty From: John A. Oxford 

LO¢8tion:K-1750 location: Portland Plant 

Subject: Soil Sample Date: July 30, 1992 

Dear Larry: 

Per your instructions and in conjunotion with instructions from 
William Swearingen a 80il sample from the building site for the 
new pitch storage building, was taken and submitted for analysis. 
This sample was given to Coffey Lab in Portland (a D.E.Q. 
Registered Lab) for T.C.L.P. and Charaoteristic Analysis. 
Results of sample show no detectlble components ior Pesticide or 
Organics. The only reault was on the metals test, it showed a 
result of Barium in the amount of 0.4 P.P.M., the allowable 
amount is 100 P.P.M. for this elemel~ / 

I assume that this good news /will ~ll:W us to proceed with our 
construction plan6~ A copy of the results will be sent to 
William SWearingen as Boon as they are reoelv~d. 

Regards) 

N~ 
John 

C.C. A. Kamerer 
E. Bennett 
W. Swearingen 
W. Turner 

Wel5tern Region 
K-2050 
K-1600 
K-1600 

~~~x-"-----------------+'F~ax~#~-------------~ 
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. '7/3',,/ J':J-
Post.It'" brand lax tnmsmittal memo 7671 

fax 

Attention: 30hn OxfQrd 
Koppers Industry 
7540 NW St. Helens R~. 
Portl~nd, OR 97210 

SAMPL~ INPORMATION: 

KU~~cK~ ~UKILHNV 

Report Date:July 30, 1992 
i Jo~#: G~-920717N-1 

1>01 : VERBAL .:rOHN 
~roject#; None 
Project: None 

Uldl 

Date Samples Ware R~ceive~ By Laboratory: 07/17/92 

Lab No. Field Identification 

1. 

sample Matrix 

$oil 

ANALYTICAL RESULT~ ARS ON THX FOLLOWING PAGE{S) 

RJC/mlh 

Date Time 

07-1.7"92 1000 

Sinoerely, 

enSQ Chauvin 
TQohnical Direotor 

This re.port is for the sOle and exaluli1ivCil \.l.se ot the above-named 
Qlient. Samples are retaina~ 15 ~ay8 trom the report date, or until 

-- holdinri time expires. Results pertAin only to samples submitted. 

CO~;=EY LABORATORIES, INC. 

Koppers022958 



t:JO·c::...t. 

Job#: GE-920717N-l 
Koppers Industry 
Paqe :>-

SUBJECT: TCLP Analysis 

Sampls ID: au11dinq Site 

AHALYTE METHOD 

Arsenic * Bariuln 'II 

Cadmium ". 

Chromium "'" L •• d w 
Meroury 'II, 7470 
Selenium • 
Silver • 

DETECTION 
~ll1.1' 

O.S 
0.1 
0.1 
0.1 
0.4 
0.05 
O.S 
0.1 

SAMPLE 
Blt~%TS 

NO 
0.4 
NO 
ND 
ND 
ND 
ND 
ND 

5.0 
100 

1.0 
5.0 
5.0 
0.2 
3 .• 0 
5.0 

* ~eaehate preparation by EPA SW-646 Method lJll. Analysi5 by EPA 5W-S46 
Method 6010, ICP, unless othorwise noted. 

Analysis Performed: Volatile organics in TCLP extract, 
by EPA Methods 8010/8020, GC/PID/HED. 

DE'rlilcrrION LABORATOR't SAMPLE EPA 
ANALX'l'E LIMIT , .,"~Bty;.NK RESULTS L::t;M:tI 

Benzene 0.05 ... - NO ND 0.5 
Carbon tetrachloride O. O!5 --- - ND ND 0.6 
Chlorobenzelle 0.05 ND ND 100 
ChlQ;"Qform O.O!5 ND ND 6.0 
1,4-Dichloro~.nzene 0.05 NO ND 7.5 
1,2-DichloroethAna O.OfS ND NO O.S 
l,l-Dichloroethylene 0.05 ND ND 0.7 
Methyl ethy~ keton~ 0.50 ND ND 200 
T8traohloroethylen~ O.O!S ND ND 0.7 
Trichloroethylene 0.03 ND ND 0.5 
Vinyl cllloricte 0.20 ND ND 0.2 

R •• ~lta .xpreesed as mg/L unless otherwise notea. 

ND me~ns nona detected at or a~ove the detection limit listed. 

REPORT CONTINUES 

COFFEY LASORATOAIES, INC. 
- .... -.... ~-~. ---.--------- ... 

Koppers022959 



Ropper!! Indu:!try 
Paqe 3 

07/31/92 08:21 KOPPERS PORTLAHD 003 

Job#~ GE-920717N-l 

Analysis fertormadl Chlorinated semi-volatile or~anic~ in TCLP extract, 
by modiriea EPA MethoQ3 80eO/6150, GC/ECO 

SlllTlpla ID: Buildin9' Site 

DETECTION ' LAaORATORY SAMPLE EPA 

.ANALXTi LIMIT' Bb+AHK BESULl'S LIMITS 

chlordane 0.03 NO NO 0.03 
Heptaohlor 0.001 NO NO 0.008 
Hexacnlorobenzene 0.001 NO ND 0.l3 
HQxachlorQ-l,3-butadiene 0.02 ND NO 0.05 

Hexachlo.cathane 0.02 ND NO :3.0 
tnd:rin 0.004 NO NO 0.02 
Linaane 0.004 NO NO 0.4 
Methoxychlor 0.02 Nt> NO 10.0 
2,4-0 0.02 ND ND 10.0 
2,4,5-'l'P 0.02 NO NO 1.0 
l'oxt\phene 0.03 ND NO 0.5 

kesults expressed as mg/L unlesa Qtherwisa noted. 

NO mQans none detected at or apc)Ve the ~etection limit listed. 

.. 
Anllly.is Performed: Phenols and miscellaneous semi-volatile organics _ 

in ~OtP extract, by mOdified EPA Method 8040, ~C/FID 

t)ETECTION. LABO~'1'O.R~ SAMPLE EPA 
ANAV1TE LIMIT i~ RESULTS IiJ;HI~~ 

m-Cresol 5.0 NO ND 200 
Q/p Cresol !5.0 NO NO 200 
2,4-01nitrotoluane 0.1. NO NO o.~J 
Nitrobenzene o.~ ND ND ~.o 
Pentaohlorophenol 5.0 NO NO 100 
PYJ:'idinra .... 1.0 NO NO 5.0 
2,4,5-rrriohloropl'l.enol 6.0 ND ND 400 
2,4,6-Trichlorophanol 0.2 NO NO ~.o 

Results expresse~ a8 mg/L unless otherwis~ noted. 

NO meAn~ none detected at or above tha c1l1tection limit listed. 

----~ 
COFFEY l.AaOt:fAiOFUES, INC. 

1~4~$ N.~. Wl1ltlker'Nay • PC)MJMc1, OR • 972~O • (503) ':::;:~. -::'~-~;,~~< (~031 '1~4'11E2 
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1.0 INTRODUCTION 

At the request of NW Natural, Hahn and Associates, Inc. (HAl) has prepared 

this Progress Report summarizing Remedial Investigation/Feasibility Study 

(RifFS) work activities that have occurred at the NW Natural, Gasco facility 

(Figures 1 and 2) during the first half of 2003. This Progress Report has 

been prepared as per the Agreement for RifFS (DEQ No. ECVC-WMCVC

NWR-94-13) between NW Natural and the Oregon Department of 

I Environmental Quality (DEQ). This report provides a description of 

I· Remedial Investigation (RI) activities for the site that occurred during the 

months of January through June 2003, and provides a description of primary 

activities anticipated to occur through December 2003. 

2.0 GROUNDWATER MONITORING ACTIVITIES 

2.1 Water Level Monitoring 

On March 17, 2003, and June 2,2003, static water levels were collected 

from all monitoring wells at the site. All monitoring well measurements were 

collected with an electric water level indicator (conductive probe). A 

summary of all well elevations collected to date is included in Table 1. 

Contoured groundwater elevation maps, depicting the Surficial Fill Water 

Bearing Zone (WBZ), as well as the intermediate and deep intervals of the 

Alluvial WBZ for the March and June monitoring events, are provided as 

Figures 3 through 8. Additionally, groundwater elevation hydrographs for all 

wells at the Gasco site are provided in Appendix A. 

2.1.1 Surficial Fill Water Bearing Zone 

As depicted in Figures 3 and 6, the interpreted groundwater flow direction 

within the Surficial Fill (shallow zone) WBZ was found to be to the 

north/northeast towards the Willamette River, with an average calculated 

hydraulic gradient of 0.013 for both the March and June 2003 monitoring 

events. This interpreted flow direction and gradient is consistent with 

historical interpretations. 

GascoPro9_Rpt_1semi03.doc, 5/9/03 HAHN AND ASSOCIATES, INC. 
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2.1.2 Alluvial Water Bearing Zone 

As depicted in Figures 4 and 7, overall groundwater flow direction within the 

intermediate depth Alluvial WBZ during March and June 2003 was northeast 

towards the Willamette River, with a flattening of the gradient within 300 feet 

of the riverbank. Specifically, hydraulic gradients of 0.020 and 0.016 (toward 

the river) were calculated for the central portion of the site during March and 

June, respectively. Gradients ranging from zero to 0.0012 (toward the river) 

were calculated along the shoreline for the portion of the site located within 

300 feet of the river in March, while gradients ranging from 0.0002 and 

0.0005 (toward the river) were measured for the same area in June 2003. 

As depicted in Figures 5 and 8, overall groundwater flow direction within the 

deep Alluvial WBZ was found to be to the northeast towards the Willamette 
River, with an average hydraulic gradient of 0.0096 (March 2003) and 

0.0068 (June 2003), as measured between wells MW-14-110 and MW-4-

101. 

Groundwater elevation data collected in March 2003 indicates a downward 

hydraulic potential between the perched Surficial Fill WBZ and the 

underlying Alluvial WBZ across the site, with the downward vertical gradient 

(potential) ranging from a low of 0.024 (wells MW-4-35 to MW-4-57) to a high 

of 0.325 (MW-8-29 to MW-8-56). Further, a slight downward hydraulic 

gradient of 0.0039 was present between intermediate-depth well MW-4-57 

and deep well MW-4-101 within the Alluvial WBZ in March 2003, while a 

slight upward hydraulic gradient of -0.0011 was present between deep 

Alluvial WBZ wells MW-5-175 and MW-5-100 in March 2003. 

Groundwater elevation data collected in June 2003 indicates a downward 

hydraulic potential between the perched Surficial Fill WBZ and the 

underlying Alluvial WBZ at a majority of locations across the site, with the 

downward vertical gradient (potential) ranging from a low of 0.0055 (wells 

MW-2-32 to MW-2-61) to a high of 0.229 (MW-8-29 to MW-8-56). A slight 

upward hydraulic gradient of -0.0027 was present between the Alluvial WBZ 

and the Surficial Fill WBZ as measured at wells MW-4-57 and MW-4-35. 

Further,·a slight a slight upward gradient of -0.0018 was present at the same 

location across the upper Alluvial WBZ as measured between wells MW-4-

101 and MW-4-57. Finally, a slight a slight upward gradient of-0.0012 was 

present between deep Alluvial Sand WBZ wells MW-5-175 and MW-5-100 in 

June 2003. 
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In summary, the preceding groundwater elevation data indicates that 

groundwater flow direction, as well as horizontal and vertical gradients 

measured during the March and June 2003 groundwater monitoring events, 

were found to be consistent with previous flow directions and gradients 

measured at the site. 

2.2 Groundwater Sampling 

First and second quarter groundwater monitoring events for monitoring wells 

at Gasco were initiated on March 17, 2003, and June 2,2003, respectively. 

Fifteen wells were sampled during the March 2003 event, while three wells 

were sampled during the June 2003 sampling event. All groundwater 

sampling activities were completed in accordance with the DEQ-approved 

Groundwater Monitoring Plan dated September 27, 2001. 

All sampling activities (March and June 2003) were completed with an 

electric submersible stainless steel pump in accordance with procedures 

outlined within the Final RifFS Work Plan. 

All groundwater samples were shipped to Environmental Services 
Laboratory, Inc. (ESL), in Portland, Oregon, and were analyzed in 

accordance with specifications provided in the approved groundwater 

monitoring plan. 

A summary of analytical results from the March 2003 sampling event is 

included as Tables 2a through 2c, while a summary of analytical results from 

the June 2003 sampling event is included as Tables 3a through 3c. All 

historical water quality data for the site are included as Tables 4a through 4c. 

The laboratory reports and chain-of-custody documentation for the March 

2003 and June 2003 sampling events are included in Appendices F and G, 

respectively. 

Field data sheets that document sampling activities at each monitoring well 

during the March 2003 and June 2003 sampling events (including well 

purging and groundwater quality indicator measurements) are included in 

Appendices 0 and E, respectively. 
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Graphs showing benzene and total polynuclear aromatic hydrocarbon (PAH) 

concentrations in groundwater through time at the well locations sampled in 

March and June 2003 are included in Appendices D and E, respectively. 

As summarized in Table 2c (March 2003 event), an equipment blank 

collected by passing laboratory-supplied deionized water through the 

decontaminated pump prior to sampling well MW-8-56 resulted in the 

identification of phenanthrene. The phenanthrene concentration identified in 

the equipment blank (0.14 I1g/l) was lower than the concentration identified 

at well MW-8-56 (77 1191l), as such it does not appear that the usability of the 
data are adversely impacted from possible pump-related influences. 

As summarized in Table 3c (June 2003 event), an equipment blank collected 

by passing laboratory-supplied deionized water through the decontaminated 

pump prior to sampling well MW-15-66 resulted in the identification of 

naphthalene (0.25 I1g/l) , benzene (1.2 I1g/l) , and toluene (3.9 I1g/l). Toluene 

and naphthalene were not identified in the sample subsequently collected 
from well MW-15-66, while benzene was identified at a higher concentration 

(31 I1g/l). Based on the preceding, it does not appear the usability of the 

data from well MW-1S-66 received significant adverse impacts from possible 
pump-related influences. 

Based on the previous contaminant detections within equipment blanks 

during the preceding two monitoring events, corrective action activities in the 
form of disposal and re-stocking of HAl's supply of deionized water were 

completed. This action was taken due to the possibility that the integrity of 

HAl's deionized water supply had been compromised, thereby biasing the 

results of the equipment blank sampling. 

3.0 FREE PRODUCT RECOVERY SYSTEM 

Dense non-aqueous phase liquid (DNAPL), composed of oil tar, has been 

observed at the base of three monitoring wells at the Gasco site (MW-6-32, 

MW-10-25, MW-11-32) with typical overall thicknesses ranging from 

approximately 6 to 10 feet at MW-6-32, and from 0 to 2 feet at MW-10-25 

and MW-11-32. 

As described in a January 2001 DNAPL Recovery System Report, DNAPL 

recovery was initiated at well MW-6-32 in August 2000. Between August 10, 
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2000 through May 9, 2001, the DNAPL Recovery System was set to cycle 

on every 8 hours for 5 minutes of pumping, at an approximate pumping rate 

of between 0.05 and 0.1 gallon per minute (head dependent). Due to 

several problems with clogs within the product line, a screen was placed 

over the pump intake on April 27, 2001. This screen is meant to prevent 

large particulates or clumps of more viscous DNAPL from entering the pump 

and tubing, thereby preventing the future occurrence of clogging. At the time 

of screen placement, approximately 7 feet of DNAPL was measured within 

the base of the well, consistent with historical DNAPL thicknesses. 

A large decrease in recovery rate was noted subsequent to the April 27, 

2001 screen installation, with the new recovery rate measured at 
approximately 0.025 gallons per minute (gpm). Based on the preceding, on 

May 2, 2001 the pumping cycle duration was re-set for 10 minutes, with 

recovery of product found to occur throughout the entire cycle duration. Due 

to the slow pumping rate, and to the observed DNAPL recovery for the 

duration of each cycle, on May 9, 2001 the number of cycles per day was 

increased from 3 (every 8 hours) to 6 (every 4 hours). Theoretically, this 

new pumping scheme should provide for the recovery of approximately 1.5 

gallons of DNAPL per day, a volume equivalent to the maximum estimated 

DNAPL recovery volume prior to the flow rate reduction. 

DNAPL recovery volume is determined during each routine check of the 
recovery system by physical!y measuring the depth of liquid in the product 

storage tank with the use of a calibrated (in gallons) gauging stick. As of 

July 9, 2003, approximately 495 gallons of liquid, primarily composed of 

DNAPL (estimated at 90%, based on previous observations), have been 

recovered, with a total system operational time of 1,205 hours. Table 5 

provides a summary of pump settings and volume of DNAPL recovered 

through time, while a chart depicting cumulative product recovery from the 

well is included as Figure 9. 

On January 28, 2003, Spencer Environmental, Inc. (Spencer) of Portland, 

Oregon pumped 467 gallons of liquid from the DNAPL storage AST for re
refining. An invoice and a Certificate of Treatment, documenting Spencer's 

transport and recycling of the liquids from the DNAPL recovery system AST, 

are included herein in Appendix H. 

Based on total system operation time and volume of liquid recovered 

between December 16,2002 and July 9, 2003 an average recovery rate of 
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0.14 gallons per day (pumping a total of one hour per day) was achieved 

during this timeframe. This recovery rate is a decrease from a 0.25 gallons 

per day average recovery rate for 2002. 

An increase in number of cycles per day (from 6 to 12) will be evaluated in 

October 2003 in an effort to determine whether an increase to the currently 

declining DNAPL daily recovery rate is possible. 

In addition to the above-described DNAPL recovery activities, an evaluation 

to ascertain the presence or absence of light or dense free phase liquid 

product within all wells was completed during the months of March and June 

2003. The evaluation for light non-aqueous phase liquid (LNAPL) and for 

DNAPL was conducted by lowering a Waterra HS-1 Hydrocarbon Interface 

Sensor probe to the base of each evaluated well. The probe emits a steady 

signal upon encountering petroleum hydrocarbon product. Results of the 

above-described investigation did not indicate the presence of free product 

in any of the wells. It is noted that this evaluation did not include wells MW-

6-32, MW-10-25, or MW-11-32, where DNAPL has previously been 

confirmed present. 

4.0 WEATHER STATION MONITORING 

Beginning December 16, 2001, weather parameters (wind speed, wind 

direction, outside temperature, and precipitation) have been collected at the 

Gasco site on a one-half hour basis (through February 2002) to an hourly 

basis (March 2002 to present) at a weather station mounted in the vicinity of 

the carbon treatment unit west of the former tar pond area. Daily and 

monthly summaries of weather data collected during the first half of 2003 are 

included in Appendix I. Additionally, a monthly summary of rainfall, average 

wind speed, and dominant wind direction, based on all data collected to 

date, is included as Table 6. 

As indicated on the weather summary reports (Appendix I), and as included 

on Table 6, several gaps in data collection have occurred since start-up of 

the weather station. These data gaps have been attributed to brief power 

losses to the system which resulted in system resets and loss of data. 
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Corrective measures have since been implemented to prevent disconnection 

of the unit's power cord and to incorporate a back-up power supply into the 

weather station data recorder. 

Weather station monitoring data collected to date indicate wind speeds at 

the site ranging from a monthly average low of 1.7 miles per hour (October 

2002) to an monthly average high of 4.5 miles per hour (December 2001). 

Although the partial nature of the data set make interpretation difficult, to 

date it appears the predominant wind direction in late Winter and early 

Spring (December through March) is north, while the remainder of the year 

the predominant wind direction is south and southeast (Table 6). 

Figure 10 presents a graph depicting the frequency of occurrence of wind 

direction at the Gasco as measured during each hourly monitoring event 

since March 15,2002. As depicted on Figure 10, wind direction towards the 

southeastern quadrant (up-river) predominate during the monitoring period, 

with a northern wind direction being secondary. 

5.0 RIVERFRONT INSPECTIONS 

Weekly river surface inspections and monthly shoreline inspections at the 

Gasco site were conducted throughout the majority of 1998 and all of 1999. 

Because river and shoreline conditions were well documented at the site on 

a monthly basis throughout two overall seasonal cycles, the schedule for 

riverfront inspections (river surface and shoreline) was revised to a quarterly 

frequency. The shoreline I riverfront inspection for the First Quarter of 2003 

was unintentionally omitted due to a scheduling oversight. The shoreline I 
riverfront inspection for the Second Quarter of 2003 was conducted by HAl 

on May 22, 2003. Results of this inspection did not result in the identification 

of any non-routine items. The shoreline inspection report is provided in 

Appendix J. 
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6.0 DOCUMENT SUBMITTAL AND RECEIPT 

The following documents pertaining to RI activities at the ~ubject site were 

received fro, or transmitted to, DEQ during the first half of 2003: 

• Correspondence dated January 22, 2003 (Mr. Michael Rosen to Mr. 

• 

• 

• 

• 

Bob Wyatt) providing DEQ comments I summary of status 

concerning the RI and Risk Assessment, bank stabilization, the 

Basalt WBZ, the potential Former Tar Pond Area Removal Action, 

and Source Control. 

Correspondence dated February 21, 2003 (Mr. Bob Wyatt to Mr. 

Michael Rosen) responding to DEQ's correspondence dated January 

22,2003 

Correspondence dated April 7, 2002 (Mr. Matt McClincy to Mr. Bob 

Wyatt and Ms. Cathryn Young) providing notice regarding a switch in 

the DEQ Project Manager (from Mr. Eric Blischke to Mr. Matt 

McClincy) for the Gasco and Wacker Siltronic projects. 

Progress Report for Second Half 2002 Remedial Investigation / 
Feasibility Study (RI / FS), NW Natural- Gasco Facility, 7900 NW Sf. 

Helens Road, Portland, Oregon, Hahn and Associates, Inc. (April 30, 
2003) 

Correspondence dated June 3, 2003 (Mr. Matt McClincy to Mr. Bob 

Wyatt) providing approval of the schedule for submittal of the draft 

human health and ecological risk assessments, the bank stabilization 
scoping document, and the removal action decision scoping 

document for the former tar pond area. 

• Removal Action Decision Scoping Document, Former Tar Pond Area, 

NW Natural- Gasco Facility, 7900 NW St. Helens Road, Portland, 

Oregon, Hahn and Associates, Inc. (June 30, 2003) 

• Bank Stabilization Alternatives Analysis, Northwest Natural "Gasco" 

Site, Anchor Environmental, L.L.C. (June 2003) 
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• Baseline Level III Ecological and Human Health Risk Assessment 

Report, Northwest Natural "Gasco" Site, Anchor Environmental, 

L.L.C. (June 2003) 

7.0 ANTICIPATED I COMPLETED ACTIVITIES IN SECOND HALF 2003 

During the second half of 2003, the following project-related activities are 

anticipated to be, or have already been, completed: 

• The shoreline inspection for the Third Quarter of 2003 was completed 

by HAl in August 2003. The Fourth Quarter shoreline inspection is 

anticipated to occur in December 2003. 

• Groundwater monitoring events at the site are scheduled for 

completion by HAl during September and December 2003, 

respectively. These sampling events will include select wells across 

the site. All monitoring activities will be as provided within the 

approved Groundwater Monitoring Plan dated September 27, 2001. 

• With regard to the DNAPL extraction system, an increase in number 

of cycles per day (from 6 to 12) of pump operation will be evaluated 
in October 2003 in an effort to determine whether an increase to the 

daily DNAPL recovery rate is feasible. The new recovery schedule 

would result in 2 hours of pump operation a day, occurring at 10 

minute intervals every 2 hours. 

• Results of the United Soil Recycling, Inc. (USR), M-1 Technology 

thermal desorption pilot test, conducted on contaminated soils at the 

Gasco site, will be submitted to the DEQ. 

• A meeting with DEQ and representatives of NW Natural is anticipated 

in order to review and discuss risk assessment, bank stabilization, 

and the potential site re-development I removal action for the former 
tar pond area. 

RI Progress Report, First Half 2003 
NW Natural Gasco Facility 
GascoPro9_Rpt_1 semi03.doc 

Page 9 of 11 
November 21,2003 

HAHN AND ASSOCIATES, INC. 

Koppers022978 



l· , 

8.0 LIMITATIONS AND SIGNATURES 

The information presented in this report was collected, analyzed, and 
interpreted following the standards of care, skill, and diligence ordinarily 

provided by a professional in the performance of similar services as of the 

time the services were performed. This report and the conclusions and/or 

recommendations contained in it are based solely upon research and/or 

observations, and physical sampling and analytical activities, if any, that 

were conducted at the Client's request. 

The information presented in this report is based only upon activities 

witnessed by HAl or its contractors, and/or upon information provided to HAl 

by the Client and/or its contractors. The analytical data presented in this 

report, if any, document only the concentrations of the target analytes in the 

particular sample, and not the property as a whole. 

Unless otherwise specified in writing, this report has been prepared solely for 

the use by the Client and for use only in connection with the evaluation of the 

subject property. Any other use by the Client or any use by any other person 
shaff be at the user's sole risk, and HAl shall have neither liability nor 

responsibility with respect to such use. 

Hahn and Associates, Inc. 

Robert Ede, R.G. 

Associate 

Date_---'J 1_-_.J.:._~_--_2-0,_o S=--. __ 
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9.0 GLOSSARY OF ABBREVIATIONS 

DEQ 

DNAPL 

ESL 

gpm 

HAl 

LNAPL 

PAHs 

RI/FS 

Spencer 

WBZ 

J.!g/l 
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Oregon Department of Environmental Quality 

dense non-aqueous phase liquid 

Environmental Services Laboratory 

gallons per minute 

Hahn and Associates, Inc. 

light non-aqueous phase liquid 

polynuclear aromatic hydrocarbons 
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Spencer Environmental, Inc. 

water-bearing zone 

micrograms per liter 
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TABLE 1 - Summary of Water Level Measurements and Groundwater Elevations 

Elevaf _._. - ...... ,. "'. """ u, "a"lIl~ 

I
l Date of Elevation of Top of Casing River II 

Elevation . (Ieel mslt Benchmark 

Survey MW-1-22 I MW-2-32 I MW-2-<l1 I MW-3-26I MW-3-56 I MW-4-35 J MW-4-57 I MW-4-101 I MW-5-32 I MW-5-100 I MW-5-175 I MW-<l-32 I MW-<l-<ll I MW-8-29 I MW-8-56 I MW-9-29 I MW-10-25 I MW-10-<;1 I MW-11-32 I MW-12-36 J MW-l3-30 I MW-13-<l1 I MW-14-110 I MW-15-SO I MW-15-<;6 (Ieetmsl)- I 

I 

I 7-Oec-95 34.75 34.46 34.41 34.11 34.07 34.54 M.~L 34.36 L-----.n~L27.31 27.19 ~ ___ 3~_1 34.SO 39.09 39.13 37.65 39.22 39.33 I. 38.39 :;B.6~ 34.86 L34.78 37.41 35.97' 36.06' 32.12' 

Measured Water Level 
Date Measured Water level 

Measured . (Ieetbl~l 

MW-1-22 MW-2-32 MW-2-<l1 I MW-3-26 MW-3-56 MW-4-35 MW-4-57 MW-4-101 MW-5-32 I MW-5-100 MW-5-175 MW-6-32 MW~l MW-6-29 MW-8-56 MW-9-29 MW-10-25 MW-l0-<l1 

5-Oec-95 14.15 15.23 15.58 15.79 16.12 16.39 9.46 16.71 15.77 19.75 20.61 6.20 14.98 13.42 
5-Jan-96 14.47 20.04 19.47 21.85 22.47 22.38 - 15.57 - 14.84 21.58 19.01 26.74 7.33 15.20 16.32 

12-Feb-96 7.74 8.61 8.52 8.63 9.09 9.10 - 2.41 - 9.55 8.97 16.99 13.56 3.32 11.11 8.92 
18-Mar-96 12.44 18.03 17.87 19.66 20.24 20.21 - 13.37 - - 12.10 19.39 15.22 24.54 6.13 11.95 14.47 

~96 13.65 18.83 18.13 19.47 20.26 20.07 13.36 - 13.42 19.51 15.58 24.44 6.93 12.63 15.07 
1O-Mav-96 13.75 19.47 - 18.98 22.01 22.58 22.60 - 15.78 - - 13.30 21.55 15.77 26.93 6.94 12.98 15.90 
17-Jun-96 13.88 17.40 17.40 18.21 18.61 18.73 - 11.96 - 13.40 18.13 16.00 23.15 5.03 13.51 13.96 
16-Jul-96 15.51 20.71 20.07 24.41 24.30 24.93 - 17.91 14.60 23.55 17.26 29.05 6.65 15.90 17.21 

21-Aug-96 16.51 21.80 - 22.24 26.99 26.77 27.51 - 20.46 - 16.17 26.27 19.18 31.93 8.47 16.58 19.43 
17-Sep-96 17.06 22.06 - 20.61 28.02 27.15 28.53 - 21.27 16.94 26.81 20.13 32.63 7.52 16.60 19.30 
30-Sep-96 17.17 22.24 23.32 27.04 27.46 27.61 - 20.68 - 17.08 27.01 20.19 32.45 8.70 16.89 19.84 
15-Nov-96 16.38 22.02 - 20.76 26.48 26.85 27.00 19.84 - 17.00 25.71 20.63 31.37 6.61 16.42 18.38 
24-Feb-97 12.41 18.71 18.61 20.48 20.82 21.02 - 14.17 - - 12.83 19.79 18.43 25.33 4.35 14.85 14.33 
10-Jun-97 12.89 14.23 - 13.60 14.20 14.70 14.56 7.97 - - 13.81 14.61 18.56 19.25 4.84 16.01 12.20 
26-Aug-97 15.38 21.70 - 22.61 26.10 26.56 25.84 - 19.63 - 18.53 25.58 20.31 31.13 11.71 17.10 20.16 
25-Nov-97 14.42 21.50 19.25 24.64 25.14 24.80 18.23 - 16.29 24.33 20.85 29.85 7.85 16.38 17.89 
19-0ec-97 - - - 22.75 23.26 - 22.62 27.90 16.90 
16-Feb-98 12.60 20.13 - 16.65 23.55 23.25 24.10 - 17.09 - 14.29 - 20.05 26.50 5.33 15.60 15.69 
l-Jun-98 14.49 16.97 16.61 16.51 16.90 17.00 - 10.33 - 15.75 - 20.05 21.63 7.25 14.63 14.36 

25-Aug-98 17.62 22.74 23.68 27.79 27.32 26.38 21.14 17.73 20.69 32.46 12.67 14.32 21.19 

16-Nov-98 16.42 24.59 28.36 22.20 27.57 27.32 28.10 28.29 20.99 ! 21.19 21.05 16.23 - 21.19 32.13 12.10 14.30 20.81 
15-Feb-99 11.97 19.02 23.94 16.27 23.20 23.94 23.71 23.75 16.75 16.72 16.54 12.35 - 17.66 27.97 5.11 12.41 15.34 
ll-Mav-99 14.32 20.19 22.99 16.76 22.44 22.92 22.99 22.94 16.06 i 15.87 15.68 13.41 - 16.56 27.31 8.50 15.62 16.94 
20-Aug-99 17.37 22.16 26.95 I 21.92 26.31 25.98 26.81 26.87 19.73 ; 1980 19.62 19.60 19.65 31.04 12.04 15.00 20.46 
25-0d-99 18.48 24.73 28.77 24.40 26.05 28.02 26.49 26.44 21.56 I 21.36 21.11 19.00 - 20.83 32.76 13.86 16.40 22.15 

27-Mar-OO 12.88 20.09 26.94 19.24 26.27 25.89 ""26.60 26.91 19.36 ! 19.83 19.64 14.05 - 19.43 31.08 6.25 17.70 17.32 

15-Jun-OO 16.26 21.18 24.08 20.01 23.56 24.42 24.14 24.10 17.40 I 17.07 16.86 16.05 - 19.53 26.42 10.15 14.74 16.55 

4-Od-OO 18.15 23.24 28.92 22.12 26.42 28.02 28.95 28.92 21.93 21.88 21.69 20.31 33.46 13.67 14.09 22.31 

20-Dec-D0 17.98 22.73 27.13 19.5O 26.89 26.13 27.27 26.76 20.33 19.63 19.31 - 19.24 32.12 12.22 13.02 20.20 

27-Mar-Ol 16.91 21.94 28.05 20.86 27.35 27.01 27.91 28.10 20.66 ! 21.05 20.68 - 19.19 32.07 11.91 13.74 20.85 

26-Jun-Ol 16.02 23.49 28.58 24.14 26.11 27.51 28.52 26.25 21.59 
, 

21.23 20.97 - 21.14 33.04 13.31 17.27 22.92 

6-Od-01 19.24 26.16 29.85 25.45 29.10 29.05 29.68 26.72 22.67 ; 22.60 22.45 - 21.99 34.11 15.SO 16.26 23.89 

12-Oec-Ol 16.73 22.68 26.54 20.49 25.61 24.12 26.33 26.46 19.01 
, 

19.41 19.21 21.58 30.43 9.71 16.SO 19.00 

2-Apr-02 14.98 20.47 25.78 20.61 25.33 26.36 25.84 25.59 18.71 ! 18.56 16.34 - - 20.24 30.61 7.99 16.77 16.46 

10-Jul-02 17.16 21.78 25.31 21.42 24.69 25.12 25.22 25.13 18.26 16.10 17.92 20.43 29.73 11.61 16.20 19.92 -
29-Sep-02 16.44 24.95 29.44 24.73 26.65 28.25 29.27 29.44 22.14 22.41 22.23 - 21.41 33.35 14.27 22.83 .-
17-Dec-02 19.34 24.41 24.61 20.25 25.05 23.61 25.42 25.06 18.92 i 18.02 17.99 21.79 31.16 12.93 16.20 20.60 

17-Mar-03 14.90 20.71 24.92 19.79 24.35 24.38 
; 

29.51 6.87 16.40 17.05 24.91 24.91 17.82 17.67 17.67 20.69 

2-Jun-03 15.17 20.02 21.63 20.25 21.19 21.82 21.75 21.SO 15.04 ! 1450 14.29 - - 20.15 26.30 9.45 16.60 17.39 

Note: bbm = below bench mark btc = below top of caSing 

• = Cily of Portland Datum 
-W;IIamette River. Portland Harbor Stage. obtained Irom National Weather Service and adjusted to feet msl - City of Portland datum. December 1995 to December 1997. Post December 1997 River Stage dala measured directly lrom surveyed bench mark located on north end of FAMM Dock. 
1 = Well casing raised in January 2000. Pre-2000 top of casing elevations are: MW-15-SO (35.15 feel); MW-15-<l6 (35.36 feet) 

Remedial Investigation 
Northwest Natural- Gasca Facili1y 
portland. Oregon 
File: 2708 GW Elevations-06t03. GW Elevalions (95-03) 

MW-11-32 MVI-12-36 MW-13-30 MW-13-<l1 

12.69 9.37 
, -

12.19 10.82 , -
8.95 5.27 

9.42 9.01 -
10.12 9.69 

, -
10.40 10.24 -
10.90 9.98 -
11.93 12.43 

13.40 14.53 -
14.02 14.86 -
14.26 14.97 - -
14.20 13.85 

, -
11.18 9.71 - -
12.50 3.49 - -
14.30 14.13 -
13.66 11.79 -
- 23.71 

12.02 ~.72 , 14.73 23.98 

12.65 9.83 15.69 17.11 

14.29 14.97 17.56 26.22 

14.45 14.92 17.78 26.11 

10.03 951 13.04 23.62 ! 
10.82 11.11 1403 22.91 I 

I 

14.25 14.40 17.18 26.81 I 
15.60 16.51 18.52 28.63 I , 
12.90 11.65 14.45 26.71 I 
13.36 13.11 15.82 24.10 

14.15 16.85 17.32 26.98 

13.09 15.17 , 16.70 27.70 

13.63 14.96 16.81 27.66 

15.25 16.06 I 16.06 26.72 

17.10 16.45 19.41 29.78 

16.00 13.67 
, 17.69 26.34 

13.16 12.48 15.35 25.65 

14.00 13.98 17.09 25.31 I 
17.42 18.63 29.15 

17.30 la.05 19.02 25.75 I 
13.50 17.47 15.92 24.92 i 
13.60 12.22 15.71 21.60 ! 

-- --

i River 

MW-14-110 MW-l5-SO MW-15-<;6 

Level I 
(feet bbm) 

-
-

-
- - -
- -

-
- - -
- -
- -
- -
- -
- - -
- - -
- -
- -
-

- -
- -

-
24.64 

20.35 -
20.62 -
23.93 15.05 15.37 

25.68 16.92 17.28 

23.11 14.05 14.68 

22.02 14.14 14.96 

26.31 17.61 16.66 

26.05 16.25 17.08 

25.24 16.40 17.23 

25.88 17.32 16.11 

27.51 19.41 20.19 

23.66 15.05 15.86 

23.59 14.56 15.42 

23.29 15.91 15.22 

26.55 18.34 19.11 

24.11 16.20 16.86 

22.22 13.SO 14.31 

20.47 13.06 13.72 

msl ::: mean sea level 
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21.91 

14.57 

25.72 

26.32 

21.94 

21.21 

25.60 

26.49 

25.30 

21.70 

26.00 

25.00 

25.70 

27.01 

28.15 

24.44 

23.60 

23.16 

27.52 

22.30 

22.79 

19.45 
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TABLE 1 • Summary of Water Level Measurements and Groundwater Elevations 

I.>rounawater Elevation 
Date Groundwater Elevation 

Measured (f.etmsl)· 

MW·l·22 MW·2·32 MW·2-1'il MW-3·26 MW.J·56 MW-4·35 MW-4·57 MW-4·101 MW·5·32 MW·5-100 MW·5-175 MW6·32 MW-1'i-1'il MW-8·29 MW-8·56 MW·9·29 MW·10-25 MW-l0-1'il 

S-Dec-95 20.60 19.23 . 18.53 18.28 18.42 18.14 18.37 . - 18.80 18.73 19.34 18.52 31.45 24.24 25.91 

5-Jan-96 20.28 14.42 - 14.64 12.22 1207 12.15 - 12.26 - 20.67 12.92 20.08 12.39 30.32 24.02 23.01 

12-Feb-96 27.01 25.85 - 25.59 25.44 25.45 25.43 - 25.42 - 25.96 25.53 22.10 25.57 34.33 28.11 30.41 

18-Mar-96 22.31 16.43 16.24 14.41 14.30 14.32 14.46 - 23.41 15.11 23.87 14.59 31.52 27.27 24.86 

16-Apr-96 21.10 15.63 15.98 14.60 14.28 14.46 - 14.47 22.09 14.99 23.51 14.69 30.72 26.59 24.26 

lO-May-96 21.00 14.99 15.13 12.06 11.96 11.93 - 12.05 - 22.21 12.95 23.32 12.20 30.71 26.24 23.43 

17·Jun-96 20.87 17.06 - 16.71 15.86 15.93 15.80 - 15.87 22.11 16.37 23.09 15.98 32.62 25.71 25.37 

16-Jul-96 19.24 13.75 - 14.04 9.66 10.24 9.60 - 9.92 - 20.91 10.95 21.83 10.08 31.00 23.32 22.12 

21-Aua-96 18.24 12.66 - 11.87 7.08 7.77 7.02 7.37 - 19.34 8.23 19.91 7.20 29.18 22.64 19.90 

17-591>-96 17.69 12.40 13.50 6.05 7.39 6.00 6.56 - 18.57 7.69 18.96 6.50 30.13 22.42 20.03 

3().Sep-96 17.58 12.22 10.79 7.03 7.08 6.92 7.15 - 18.43 7.49 18.90 6.68 28.95 22.33 19.49 

15-Nov-96 18.37 12.44 13.35 7.59 7.69 7.53 - 7.99 - - 18.51 8.79 18.46 7.76 31.04 22.80 20.95 

24-Feb-97 22.34 15.75 15.50 13.59 13.72 13.51 - 13.66 - 22.68 14.71 20.66 13.80 33.30 24.37 25.00 

10·Jun-97 21.86 20.23 - 20.31 19.87 19.84 19.97 - 19.86 - - 21.70 19.89 20.53 19.88 32.81 23.21 27.13 

26-AuQ-97 19.37 12.76 11.50 7.97 7.98 8.69 8.20 - - 16.98 8.92 18.78 8.00 25.94 22.12 19.17 

25-Nov-97 20.33 12.96 - 14.86 9.43 9.40 9.73 - 9.60 - - 19.22 10.17 18.24 9.28 29.80 22.86 21.44 

19-Dee-97 . - 11.32 - 11.25 - - - - 11.88 - 11.23 - . 22.43 

IS-Feb-98 22.15 14.33 15.46 10.52 . '11.29 10.43 - 10.74 - 21.22 - 19.04 10.63 32.32 23.62 23.44 

1-Jun-98 20.26 17.49 . 17.50 17.56 17.64 17.53 . 17.50 - - 19.76 . 19.04 17.50 30.40 24.59 24.97 

25-Aug-98 17.13 11.72 - 10.43 6.28 7.22 6.17 - 6.69 - 17.78 - 18.20 6.67 24.98 24.90 18.14 

16-Nov-98 16.33 9.87 6.05 11.91 6.50 7.22 6.43 6.07 6.84 6.12 6.14 17.28 - 17.90 7.00 25.55 24.92 18.52 

15-Feb-99 22.78 15.44 10.47 15.84 10.87 10.60 10.82 10.61 11.08 10.59 10.65 23.16 21.43 11.16 32.54 26.81 23.99 

l1-May-99 20.43 14.27 11.42 15.35 11.63 11.62 11.54 11.42 11.77 11.44 11.51 22.10 22.53 11.82 29.15 23.40 22.39 

2O-Aug-99 17.38 12.30 7.46 12.19 7.76 8.56 7.72 7.49 8.10 7.51 7.57 15.71 - 19.44 8.09 25.61 24.22 18.87 

25-0ct-99 16.27 9.73 5.64 9.71 6.02 6.52 6.04 5.92 6.27 5.95 6.08 16.51 - 18.26 6.35 23.79 22.82 17.18 

27-Mar-OO 21.S7 14.37 7.47 14.87 7.80 8.85 7.73 7.45 8.47 7.48 7.55 21.46 - 19.66 8.05 31.40 21.52 22.01 

15-Jun.()() 18.49 13.28 10.33 14.10 10.51 10.12 10.39 10.26 10.43 10.24 10.33 19.46 . 19.56 10.71 27.50 24.48 20.78 

4.oct-OO 16.60 11.22 5.49 11.99 5.65 6.52 5.58 5.44 5.90 5.43 5.50 - - 18.78 5.67 23.98 I 25.13 17.02 

20.oee-QO 16.77 11.73 7.28 14.61 7.18 8.41 7.26 7.60 7.50 7.68 7.88 - - 19.85 7.01 25.43 I 26.20 19.13 

27-Mar-Ol 17.64 12.52 6.36 13.25 6.72 7.53 6.62 6.26 7.17 6.26 6.31 - 19.90 7.06 25.74 i 25.48 18.48 

28-Jun-Ol 16.73 10.97 5.83 9.97 5.96 7.03 6.01 6.11 6.24 I 6.08 6.22 - - 17.95 6.09 
I 

24.34 I 21.95 16.41 

8.oct-Ol 15.51 8.30 4.56 8.66 4.97 5.49 4.85 5.64 5.16 4.71 4.74 - - 17.10 5.02 22.15 ! 20.94 15.44 

12.oee-Ol 18.02 11.78 7.87 13.62 8.26 10.42 8.20 7.90 8.82 7.90 7.98 - 17.51 8.70 27.94 i 22.72 20.33 

2-Apr.Q2 19.77 13.99 8.63 13.50 8.74 8.16 8.69 8.77 9.12 8.75 8.85 - 18.85 8.52 29.66 ! 22.45 20.87 

IO-Jul-02 17.57 12.68 9.10 12.69 9.38 9.42 9.31 9.23 9.55 I 9.21 9.27 - 18.66 9.40 : 26.04 I 23.02 19.41 

23-S8P-02 16.31 9.51 4.97 9.38 5.42 6.29 5.26 4.92 5.69 4.90 4.96 - 17.68 5.78 23.38 
; 

16.50 -, 
17.oec-02 15.41 10.05 9.80 13.86 9.02 10.93 9.11 9.30 8.91 9.29 9.20 - 17.30 7.97 24.72 i 23.02 18.53 

17-Mar-03 19.85 13.75 9.49 14.32 9.72 10.16 9.62 9.45 10.01 9.44 9.52 - 18.40 9.62 30.78 ! 22.82 22.28 

2-Jun-03 19.58 14.44 12.78 13.86 12.88 12.72 12.78 12.86 12.79 12.81 12.90 - - 18.94 12.83 i 28.20 j 22.62 21.94 

Note: bbm ; below bench mark btc ; below top of caSing 

• ; Cijy of Portland Datum 

-willamette River. Portland Harbor Stage. obtained from National Weather Service and adjusted to feet msl- Cijy of Portland datum: December 1995 to December 1997. Post December 1997 River Stage data measured directly from surveyed bench marl< located on north end of FAMM Dock. 

Remedial Investigation 
Northwest Natural- Gasca Facilijy 
Portland. Oregon 
File: 2708 GW Elevations-06/03 ; GW Elevations (95-03) 

MW·II-32 MW-12·36 MW-I3-3O MW·I3-61 

25.70 29.32 - -
26.20 27.87 -
29.44 33.42 

28.97 29.68 -
28.27 29.00 - -
27.99 28.45 - -
27.49 28.71 

26.46 2'5.26 -
24.99 24.16 

24.37 23.83 - -
24.13 23.72 - -
24.19 24.84 - -
27.21 28.98 -
25.89 30.20 -
24.09 24.58 I - -
24.51 26.90 - -

. - 11.07 

26.37 28.97 20.13 10.80 

25.54 29.88 19.17 17.67 

24.10 23.72 17.30 6.56 

23.94 23.77 17.08 6.67 

28.36 29.18 21.82 11.16 

27.57 27.58 20.83 11.87 

24.14 24.29 17.68 7.97 

22.79 22.18 16.34 6.15 

25.49 27.04 20.41 8.07 

25.03 23.58 19.04 10.68 

24.24 21.84 17.54 5.80 

25.30 23.52 18.16 7.08 

24.76 23.73 18.05 6.92 

23.14 22.63 16.60 6.06 

21.29 2·),24 
" 

15.45 5.00 

22.39 25.02 16.97 8.44 

25.23 26.21 19.51 8.93 

24.39 24.71 17.77 9.47 

- 21.27 16.23 5.63 

21.09 22.64 15.84 9.03 

24.89 21.22 18.94 9.86 

24.79 26.47 19.15 12.98 

River 

Stage 

MW·14·110 MW-15-50 MW·I5-66 (feetmsl)-

-
- -
- -
- -
- -

. 
-
-
- -
- -
-
- -

- - -
- -

- . -
- -
- -

- - -
- - -

- . 
12.57 - -
17.06 - -
16.79 - -
13.48 20.10 19.99 

11.73 18.23 18.08 

14.30 21.92 21.38 

15.39 21.83 21.10 

11.10 18.16 17.40 

11.36 19.72 18.98 

12.17 19.57 18.83 

11.53 18.65 17.95 

9.90 16.56 15.87 

13.75 20.92 20.20 

13.82 21.41 20.64 

14.12 20.06 20.84 

10.86 17.63 16.95 

13.30 19.77 19.20 

15.19 22.47 21.75 

16.94 22.89 22.34 

msl = mean sea level 
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18.9 

12.4 

26.4 

14.4 

14.5 

11.6 

15.7 

6.6 

5.8 

5.4 

7.2 

13.6 

19.8 

7.9 

8.72 

-
10.21 

17.55 

6.40 

5.80 

10.18 

10.91 

6.32 

5.63 

6.82 

10.42 

6.12 

712 

6.42 

5.11 

3.97 

7.68 

8.52 

8.96 

4.60 

9.82 

9.33 

12.67 

I 

I 
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Table 2a - Summary of Analytical Results for Groundwater Samples 

March 2003 Sampling Event 

Well HAl Sample 

Number Sample Number t Date 

-----

Analytical Results 

EPA Method 8021 EPA Method 9010B Total (UnfiHered) Metals by EPA Method 6010B Dissolved (FiHered) Metals by EPA Method 6010B 

ugn (ppb) 

Select Aromatic VOCs (AVOCs) 

Benzene Toluene 

Ambient Waler Quality Criteria (AWQC) for Surface Water 2 51. ' 200.000. ' 

MVV2-61 

MW3-56 

MW4-57 

MW4-57 
OUP 

MW4-101 

MW5-100 

MW5-17S 

MWS-56 

MW9-29 

MW10-61 

MW12-36 

MW13-30 

MW13-61 

MW14-110 

MWl5-S0 

MWl5-66 

Note: . 

18-MW2-61-104 18-Mar-03 NO>0.50 NO>O.SO 

19-MW3-56-112 19-Mar-03 430. NO>5.0 

20-MW4-57-117 20-Mar-03 17,000. NO>l00 

20-MW4-57-118 20-Mar-03 16,000. NO>loo 

18-MW4-101-109 18-Mar-03 120. A NO>2.5 A 

19-MW5-100-114 19-Mar-03 6,600. A NO>2S A 

18-MW5-175-105 18-Mar-03 NO>O.SO NO>O.SO 

20-MWB-56-120 20-Mar-03 20,000. A 260. A 

18-MW9-29-103 18-Mar-03 NO>0.50 NO>O.SO 

19-MW10-61-111 19-Mar-03 NO>O.SO NO>0.50 

19-MW12-36-113 19-Mar-03 200. 400. 

19-MWl3-30-115 19-Mar-03 1,400. 9.2 

17-MWl3-61-101 17-Mar-03 NO>0.50 NO>0.50 

18-MWI4-110-10S lS-Mar-03 NO>O.50 NO>O.SO 

21-MWl5-S0-122 21-Mar-03 49,000. 310. 

18-MW15-66-107 18-Mar-03 NO>O.SO NO>O.SO 

'-' = Not Analyzed 
# = Reference level not established 

A = this analysis was performed on a VOA sample containing headspace 
AWQC = Ambient Water Quality Criteria 

1 = Sample PrefIX: 2708-0303 

Ethyl Xylenes benzene 

2S,000. ' # 

NO>0.50 NO>lo5 

NO>5.0 NO>15 

770. NO>300 

760. NO>300 

NO>2.5 A NO>7.S A 

400. A 250. A 

NO>O.SO NO>loS 

940. A 930. A 

NO>O.SO NO>loS 

NO>O.SO NO>loS 

290. 680. 

330. 110. 

NO>O.SO NO>lo5 

NO>O.SO NO>I.5 

ND>250 NO>750 

NO>0.50 NO>1.5 

mgn(ppm) 

Total BTEX Total Cyanide Amenable Arsenic Cyanide 

# 0.0052 ' # 0.00014 ' 

NO 1.3 NO>0.040 NO>O.OlO 

430. 0.1 NO>0.040 NO>O.010 

17.770. 1.3 NO>0.040 0.016 

16,760. 1.3 NO>O.04O 0.Q19 

120. 0.51 NO>O.04O 0.017 

7,250. 0.56 NO>O.04O 0.011 

NO NO>0.040 NO>O.04O NO>O.010 

22,130. 0.51 NO>0.040 0.012 

NO 0.04 NO>O.040 NO>O.OlO 

NO NO>O.040 NO>0.040 NO>O.OlO 

1,570. NO>0.040 NO>O.040 -
1,849.2 0.1 NO>0.040 NO>O.OlO 

ND 0.13 NO>0.040 ND>0.010 

ND ND>0.040 NO>0.040 0.011 

49,310. 0.07 NO>O.040 0.012 

NO NO>0.040 NO>O.080 NO>O.OIO 

Bold = Detected above Reference level 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
DEQ = Department of Environmental Qualny 
EPA = U.S. Environmental Protection Agency 

mgn (ppm) 

Chromium Copper Lead 

0.011' O.OOS' 0.0025 ' 

NO>0.015 NO>0.OO30 NO>0.0060 

NO>O.OO30 NO>O.oo30 NO>0.0060 

NO>0.0010 NO>0.0030 NO>0.0060 

NO>O.0010 NO>0.0030 NO>0.0060 

NO>O.OlS NO>0.0030 NO>0.0060 

NO>O.OO30 NO>0.0030 NO>0.0060 

NO>0.D1S NO>0.0030 NO>O.OO6O 

NO>O.0010 NO>0.0030 NO>0.0060 

NO>O.OlS NO>O.OO30 NO>O.OO60 

0.0062 NO>0.0030 NO>0.0060 

- - -
NO>0.0030 NO>0.0030 NO>0.006O 

NO>O.OlS ND>O.0030 NO>0.0060 

NO>O.oJI5 NO>0.0030 NO>0.0060 

0.0056 0.011 0.0095 

NO>O.OIS NO>0.0030 ND>0.0060 

Nickel Zinc Arsenic Chromium 

0.052' 0.120' 0.00014 ' 0.011' 

NO>O.ooSO NO>O.020 - -
0.0053 NO>0.020 NO>0.011 -

NO>O.OOSO NO>O.020 0.02 -

0.0053 NO>O.020 - -

NO>O.OOSO NO>O.020 0.018 -

NO>O.OOSO NO>0.020 - -
NO>0.OO50 NO>0.020 - -

NO>0.OO50 NO>0.020 0.019 NO>O.ooll 

NO>O.OOSO NO>0.020 NO>O.Oll -
NO>O.ooSO NO>0.020 NO>O.Oll -

- - -

NO>O.OOSO NO>0.020 0.019 -

NO>0.0050 NO>0.020 - -

NO>0.0050 ND>0.020 0.018 -

0.016 0.045 0.017 ND>O.OOll 

ND>0.0050 ND>0.020 - -
mgn = milligrams per Iner 
NO = not detected above detection limn indicated 
PAHs = polynuclear aromatic hydrocarbons 

2 = Reference level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (EPA-822-R-02-047, November 2002) based on Freshwater Chronic (Aquatic life Protection) and Fish Consumption (Human HeaHh Protection) 
3 = Reference level based on Aquatic Fresh Chronic Criteria of AWOC, November 2002 revision 
4 = Reference level based on Human Fish Consumption Crneria of AWOC, November 2002 revision 

Remedial Investigation 
Northwest Natural- Gasco Facility 
portland, Oregon 
File: 2708 GWResults-03I03.xjs ; Summary Mardl_03 

, 
mQn{ppm) 

Copper Lead 

0.009' 0.0025 ' 

, -
- NO>0.OO67 

- -

- -
-

-
- , -
NO>O.OO33 NO>0.0067 

-
- NO>0.0067 

-
- -

- -

-

ND>0.0033 0.0081 

- -

Nickel Zinc 

0.052 ' 0.120' 

- -

NO>0.0056 -

- -
- -
- -

- -

- -
NO>0.0056 NO>O.022 

- -

NO>0.0056 -
- -
- -

- -

- -

ND>0.0056 0.056 

- -
ppb = parts per billion 
ppm = parts per million 
ugn = micrograms per irter 

- ----

EPA Method 8270-SIM 

ugn (ppb) 

Carcinogenic Total PAHs 
PAHs 

# # 

NO NO 

1.52 94.38 

NO 2,233.4 

NO 2,333.4 

NO 15.63 

NO 5,614. 

NO NO 

4.2 7,712.2 

NO NO 

NO 0.95 

0.31 369.18 

NO 1,008.4 

ND NO 

NO NO 

NO 5,042. 

NO 0.1 
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Table 2b • Summary of Analytical Results for Groundwater Samples: PAHs 

March 2003 Sampling Event 
------

Well HAl Sample 

Number Sample Number 1 Date 

Q) OJ 
OJ c c c Q) OJ 
OJ .c .c 
() E E 
~ ~ '" ~ 0 E 0 

:::l :::l 

'" <;:: I; 

~ e g 
0 0 0 
N N N c c c 
(!) (!) Q) 

!D !D !D 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 0.0184 0.0184 0.0184 

MW2-61 18-MW2-61-104 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW3-56 19-MW3-56-112 19-Mar-03 0.46 0.2 ND>0.10 

MW4-57 20-MW4-57 -117 20-Mar-03 ND>2.0 ND>2.0 ND>2.0 

MW4-57 20-MW4-57 -118 20-Mar-03 ND>2.0 ND>2.0 ND>2.0 
DUP 

MW4·101 18-MW4-101-109 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW5-100 19-MW5-100-114 19-Mar-03 NO>2.0 ND>2.0 ND>2.0 

MW5-175 18-MW5-175-105 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW8-56 20-MW8-56-120 20-Mar-03 2.2 ND>2.0 NO>2.0 

MW9·29 18-MW9-29-103 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW10-61 19-MW10-61-111 19-Mar-03 ND>0.10 NO>0.10 ND>0.10 

MW12-36 19-MW12-36-113 19-Mar-03 . 0.31 ND>0.10 ND>0.10 

MW13-30 19-MW13-30-115 19-Mar-03 ND>1.0 ND>1.0 ND>1.0 

MW13-61 17-MW13-61-101 17-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW14-110 18-MW14-110-108 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

MW15-50 21-MW15-50-122 21·Mar-03 ND>10 ND>10 NO>10 

MW15-66 18-MW15-66-107 18-Mar-03 ND>0.10 ND>0.10 ND>0.10 

Carcinogenic PAHs 

(!) (!) 
c c 
(!) !!! () 

~ >-
0. 

(!) ~ 

c E S' 
~ '" 

() 

c:, >- :2 0. N 
~ til OJ .-

~ c 0 ~ 

0 
(!) N 0 
f/) c c N 
~ (!) OJ c 

Q) .c .D. " !D U is c 

0.0184 0.0184 0.0184 0.0184 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 

0.23 0.52 ND>0.10 0.11 

ND>2.0 ND>2.0 ND>2.0 ND>2.0 

ND>2.0 ND>2.0 ND>2.0 ND>2.0 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 

ND>2.0 ND>2.0 NO>2.0 ND>2.0 

ND>0.10 ND>0.10 NO>0.10 ND>O.10 

ND>2.0 2. ND>2.0 ND>2.0 

ND>0.10 ND>0.10 ND>0.10 ND>O.10 

ND>0.10 NO>0.10 NO>0.10 ND>0.10 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 

ND>1.0 ND>1.0 ND>1.0 ND>I.O 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 

ND>0.10 ND>0.10 NO>0.10 ND>0.10 

ND>10 ND>10 ND>10 ND>10 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 
----

PAHs by EPA Method 8270·SIM 

Analytical Results 

ug/l (ppb) 
I 

Non-carcinogenic PAHs 

f/) 

I 
<{ 

Ql Q.. 
c () 
Ql 'c 

(!) ~ Q) 

OJ c OJ Ol 
c (!) 0. Ql 

Q) 
0 OJ c 

(!) >- Ql C C ~ 
C til .c .c c :c Q) I (!) .~ I .c E Q) Ol .c OJ "iii 

.c 

'" « 
0. 0. () ~ E c E 
'" '" ~ 0 ~ !!! 

.c 
'" 

OJ U 0-
E c 

C c .c N 0 0 
c 

~ ]j "iii 
OJ Ql C 0. Ql 
() () E (!) :::l :::l '" .c >- 0 <5 
« « <{ !D u:: u: Z Q.. 0- l- I--

I 

990. 3 
# 40,0004 

# 140. 4 
5,300" 620. 3 

# 4,000" # # 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 NO NO 

38. 0.4 5.8 0.16 8. 12. 2.3 18. 8.2 1.52 94.38 

28. ND>2.0 ND>2.0 ND>2.0 ND>2.0 ND>2.0 2,200. 5.4 NO>2.0 NO 2,233.4 

28. ND>2.0 ND>2.0 ND>2.0 NO>2.0 ND>2.0 2,300. 5.4 ND>2.0 ND 2,333.4 

0.63 ND>0.10 ND>O.10 ND>0.10 ND>0.10 15. NO>0.10 NO>0.10 ND>0.10 NO 15.63 

14. ND>2.0 ND>2.0 NO>2.0 NO>2.0 ND>2.0 5,600. NO>2.0 ND>2.0 NO 5,614. 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 NO>0.10 ND>0.10 NO>0.10 ND>0.10 ND>0.10 NO NO 

99. 61. 11. ND>2.0 9.2 42. 7,400. 77. 8.8 4.2 7,712.2 

ND>0.10 ND>0.10 ND>0.10 ND>O.10 NO>0.10 ND>0.10 ND>0.10 NO>0.10 ND>0.10 NO NO 

NO>0.10 NO>0.10 NO>0.10 ND>O.10 0.45 NO>0.10 ND>0.10 ND>0.10 0.5 NO 0.95 

35. 0.47 2.1 ND>0.10 5.9 16. 280. 24. 5.4 0.31 369.18 

160. 1.6 9.2 ND>1.0 3.9 48. 700. 83. 2.7 NO 1,008.4 

I 

ND>0.10 ND>0.10 NO>0.10 ND>0.10 NO>0.10 ND>0.10 ND>0.10 NO>0.10 ND>0.10 NO NO 

NO>0.10 ND>0.10 NO>0.10 NO>0.10 NO>0.10 ND>0.10 NO>0.10 ND>0.10 ND>0.10 NO NO 

24. 36. ND>10 ND>10 NO>10 32. 4,900. 50. NO>10 NO 5,042. 
I 

ND>0.10 ND>0.10 ND>0.10 ND>O.10 NO>0.10 ND>0.10 ND>0.10 ND>0.10 0.1 NO 0.1 
----------- - - -------- ---

Note: ND = not detected above detection limit indicated 
PAHs = polynuclear aromatic hydrocarbons 

ppb = parts per billion ug'l = micrograms per liter 
ug/l = micrograms per liter 

1 = Sample Prefix: 2708-0303 
2 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (EPA-822-R-02-047, November 2002) based on Freshwater Chronic (Aquatic Life Protection) and Fish Consumption (Human Health Protection) 
3 = Reference Level based on Aquatic Fresh Chronic Criteria of AWQC, revised November 2002 

Remedial Investigation 

4 = Reference Level based on Human Fish Consumption Criteria of AWQC revised November 2002 
Bold = Detected above Reference Level 

Northwest Natural - Gasco Facility 
Portland, Oregon 
File: 2708 GW Results-03/03.xts ; PAHs March_03 
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Table 3a - Summary of Analytical Results for Groundwater Samples 

June 2003 Sampling Event 

Well HAl Sample 

Number Sample Number' Date 
Analytical Results 

EPA Method 8021 EPA Method Total (Unfiltered) Metals by EPA Method 6010B Dissolved (Filtered) Metals by EPA Method 6010B 
9010B 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MWl4-110 

MWl5-50 

MWl5-S0 
OUP 

MW1S-66 

Note: 

02-MWl4-110-101 2-Jun-03 

03-MW1S-50-10S 3-Jun-03 

03-MW1S-S0-106 3-Jun-03 

03-MW1S-66-104 3-Jun-03 

'-' = Not Analyzed 
# = Reference Level not established 
AWQC = Ambient Water Quality Criteria 

Bold = Detected above Reference Level 

1 = Sample Prefix: 2708-0306 

Benzene 

51' 

NO>0.50 

47,000. 

46,000. 

31. 

ug/l (ppb) 

Select Aromatic VOCs (AVOCs) 

Toluene Ethyl 
Xylenes 

benzene 

200,000. • 29,000. • # 

ND>0.50 ND>0.50 ND>l.S 

300. 260. 1,300. 

290. 240. 1,200. 

ND>O.SO ND>O.SO ND>1.5 
.. - --- -

mgll (ppm) 

Total BTEX 
Amenable Arsenic Chromium Cyanide 

# # 0.00014 • 0.0113 

NO ND>0.040 0.038 ND>0.0010 

48,860. 0.15 0.018 ND>0.0010 

47,730. ND>0.040 0.018 ND>0.0010 

31. ND>0.040 ND>0.010 ND>0.0010 
"------ - -

BTEX = benzene, toluene, ethyl benzene, and xylenes 
DEQ = Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 

mg/l(ppm) 

Copper Lead 

0.009 3 0.0025 3 

ND>0.0030 ND>0.0060 

ND>0.0030 ND>0.0060 

ND>0.0030 ND>0.0060 

ND>0.0030 ND>0.0060 

Nickel Zinc Arsenic Chromium 

0.052 • 0.120 3 0.00014 • 0.0113 

NO>0.OO50 ND>0.020 0.023 ND>O.OOll 

NO>O.OOSO ND>0.020 0.029 ND>O.OOll 

NO>O.OOSO ND>0.020 0.033 ND>O.OOll 

NO>O.OOSO ND>0.020 - -

mg/l = milligrams per liter 
NO = not detected above detection limit indicated 
PAHs = polynuclear aromatic hydrocarbons 

2 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (EPA-822-R-02-047, November 2002) based on Freshwater Chronic (Aquatic Life Protection) and Fish Consumption (Human Health Protection) 
3 = Reference Level based on Aquatic Fresh Chronic Criteria of AWOC, November 2002 revision 
4 = Reference Level based on Human Fish Consumption Criteria of AWOC, November 2002 revision 

Remedial Investigation 
Northwest Natural - Gasca F acit~y 
Portland, Oregon 
File: 2708 GW Resutts.{)6/()3.xls : Summary June_03 

mg/l(ppm) 

Copper Lead 

0.009 ' 0.0025 3 

ND>0.0033 ND>0.0067 

ND>O.0033 ND>0.0067 

ND>0.0033 ND>0.OO67 

- -
.-

Nickel Zinc 

0.052 • 0.120 3 

ND>0.0056 ND>0.022 

ND>0.0056 ND>0.022 

ND>0.0056 ND>0.022 

- -

ppb = parts per billion 
ppm = parts per million 
ug/l = micrograms per liter 

EPA Method 8270-SIM 

ug/l (ppb) 

Carcinogenic Total PAHs 
PAHs 

# # 

NO NO 

NO 3,405. 

NO 5,062.6 

4. 

Page 1 of 1 
Updated: 1011103 MSM 

HAHN AND ASSOCtATES, INC. 

7.41 



J : 
f 
L 

r; 
! ; 

( 
! 
!.'. 

I 
\ 
~. 

It ~ 

f!' 

f ;. 
~./. 

.,.~ 

:t, 
~ 

~ . .;. 

! 
I 

r· 
I 

A·' 
o 

"'C 
"'C 
CD 
en 
a 
I'\.) 
I'\.) 
<0 
00 
-.....J 

! 

Table 3b - Summary of Analytical Results for Groundwater Samples: PAHs 

June 2003 Sampling Event 

Well HAl Sample 

Number Sample Number 1 Date 

Ol 
Q) c: 
c: Q) 
Q) .s:: 
0 1: 
~ ~ .s:: 
1: 0 

:> ro <+= 
g e 
0 0 
N N 
c: c: 
Q) Q) 

m m 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 0.01s-t 0.018' 

MW14-110 02-MW14-11 0-1 01 2-Jun-03 ND>0.10 ND>0.10 

MW1S-S0 03-MW1S-S0-10S 3-Jun-03 ND>1.0 ND>1.0 

MW15-S0 
03-MW1S-S0-106 3-Jun-03 ND>1.0 ND>1.0 DUP 

MW1S-66 03-MW1S-66-104 3-Jun-03 0.6 0.64 

Carcinogenic PAHs 

Q) Q) 

Ol c: c: 
Q) !!! c: 0 

Ol ~ >-
.t: 0. 
1: .s:: Q) 

1: ~ 
~ c: 

!!! ro ~ Q) 0 C') c: :J >- '.2 N- Q) ;;: 0. ro .s:: 
? ro Q) ~ .,... :E 
~ ~ c: 0 0. Q) N 0 0 0 Ul ro 
N N ~ 

c: c: c: 
c: c: Q) Q) Q) 
Ol Q) .s:: .0 "0 0 
In m 0 0 c: « 

0.018' 0.0184 0.018' 0.018' 0.018' 990. 3 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 

ND>1.0 ND>1.0 ND>1.0 ND>1.0 ND>1.0 18. 

ND>1.0 ND>1.0 ND>1.0 ND>1.0 ND>1.0 28. 

0.77 0.B5 0.69 ND>0.10 0.45 ND>0.10 

PAHs by EPA Method 8270-SIM 

Analytical Results 

ug"~bJ I 

Non-carcinogenic PAHs 

Ul 
J: « 

Q) a.. 
c: 0 
Ol 'c 
~ Ol Ol 

c: Q) Q) Cl 
Ol 0. Ol c: 0 
>- c: Q) 

!!! 
c: Ul Q) :E c: .~ .s:: c: Q) Q) I 

:E Q) .9 .s:: Q) (ij 
.s:: ro « 

0. 0 1: c: :5 1: Q) 0 a.. ro ~ 0 f! !!! ro c: 
c: N .s:: c: !!! S Cii 
Ol .s:: c: 0 '0 0- Ol "0 0 1: Ol :> :> <II .c >- 0 
« « In u:: U::' z a.. a.. l- I-

# 40,000' # 140. • S;300" 620. 3 
# I 4,000.' # # 

ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 ND>0.10 NO ND 

32. ND>1.0 ND>1.0 1.9 22. 3,300. 29. 2.1 ND 3,40S. 

SO. 3.5 ND>1.0 2.9 33. 4,900. 43. 2.2 NO S,062.6 

ND>O.10 ND>0.10 0.77 1.2 ND>0.10 ND>O.10 0.34 1 1.1 4. 7.41 

Note: ND = not detected above detection limit indicated 
PAHs = polynuclear aromatic hydrocarbons 

ppb = parts per billion ugll = micrograms per liter 

ugll = micrograms per liter 

1 = Sample Prefix: 2708-0306 
2 = Reference level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (EPA-822-R-02-047, November 2002) based on Freshwater Chronic (Aquatic life Protection) and Fish Consumption (Human Health Protection) 
3 = Reference level based on Aquatic Fresh Chronic Criteria of AWQC, November 2002 revision 
4 = Reference level based on Human Fish Consumption Criteria of AWQC, November 2002 revision 
Bold = Detected above Reference level 

Remedial Investigation 
Northwest Natural· Gasco Facility 
portland, Oregon 
File: 2708 GWResults-06/03.xls; PAHs June_03 
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Table 3c • Summary of Analytical Results for Quality Assurance I Quality Control (QAlQC) Samples 

June 2003 Sampling Event 

QNQC HAl Sample Comment 

Sample Type Sample Number 1 Date 

Trip Blank 02-MW7-100 2-Jun-03 Trip Blank 

Trip Blank 03-MW7-102 3-Jun-03 Trip Blank 

DI Water sampled from 

Equipment Blank 03-MW7-103 3-Jun-03 decontaminated pump after 
sampling MW14-110 and 
before samolina MW15-66 

Note: '-' = not analyzed 
BTEX = benzene, toluene, ethylbenzene, and xylenes . 
EPA = U.S. Environmental Protection Agency 
NO = not detected above detection limit indicated 

1 = Sample Prefix: 2708-0306 

Remedial Investigation 
Northwest Natural - Gasca Facility 
Portland, Oregon 
File: 2708 GW Results-06/03.xls : QA QC Summary June_03 

Analytical Results 

ug/l (ppb) 

EPA Method 8021 

Select Aromatic VOCs (AVOCs) 

Benzene Toluene Ethyl Xylenes 
benzene 

NO>0.50 NO>0.50 NO>0.50 NO>1.5 

ND>0.50 ND>0.50 ND>0.50 ND>1.5 

1.2 3.9 NO>0.50 ND>1.5 

---

PAHs = polynuclear aromatic hydrocarbons 
ppb = parts per billion 
ug/I = micrograms/liter 

Total 
BTEX 

NO 

ND 

5.1 

EPA Method 

8270 

Total PAHs 

-
-

Naphthalene = 0.25 
All Others = ND>O.10 

Page 1 of 1 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analvtical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MWl-22 951207-MWl-22-01 

960319-MW1-22-01 

960618-MWl-22-01 

961001-MW1-22-01 

970225-MWl-22-01 

970225-MWl-22-02 

970827-MWl-22-01 

970827-MW1-22-02 

980217-MWl-22-01 

980602-MWl-32-11 

980826-MWl-22-10 

981116-MWl-22-15 

990216-MWl-22-012 

990513-MWl-22-11 

990824-MWl-22-15 

991028-MW1-22-16 

000330-MWl-22-116 

010329-MW1-22-115 

MW2-32 951206-MW2-32-01 

960318-MW2-32-01 

960618-MW2-32-01 

961001-MW2-32-01 

970225-MW2-32-01 

970827-MW2-32-01 

980217 -MW2-32-01 

980601-MW2-32-05 

980825-MW2-32-04 

981117-MW2-32-10 

990216-MW2-32-008 

990513-MW2-32-10 

990824-MW2-32-10 

991027-MW2-32-12 

000329-MW2-32-112 

010328-MW2-32-111 

RemedlaITiivestigation 
NorthWest Natural - Gasco F acilily 
Portland. Oregon 

7-0ec-95 

19-Mar-96 

18-Jun-96 

1-0ct-96 

25-Feb-97 

25-Feb-97 

27-Aug-97 

27-Aug-97 

17-Feb-98 

2-Jun-98 

26-Aug-98 

18-Nov-98 

16-Feb-99 

13-May-99 

24-Aug-99 

28-0ct-99 

30-Mar-00 

29-Mar-01 

6-0ec-95 

18-Mar-96 

18-Jun-96 

1-0ct-96 

25-Feb-97 

27-Aug-97 

17-Feb-98 

1-Jun-98 

25-Aug-98 

17-Nov-98 

16-Feb-99 

13-MaY-99 

24-Aug-99 

27-0ct-99 

29-Mar-00 

28-Mar-Ol 

File: 2708 GW Hist Results-06/03.xls ; Summary-ALL thru June_03 

ugfl (ppb) 

Benzene Toluene Ethyl 
benzene 

51. • 200.000. • 29.000 .• 

13. 2. 1.8 

3.5 3.5 2.3 

2.4 9.5 3.2 

8.5 9. 7.7 

3.2 1.7 NO>0.5 

1.5 1.6 0.7 

7.5 8.2 6.9 

6.7 7.4 6.2 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

7.1 8.2 6.8 

NO>10 NO>10 NO>10 

NO>0.5 NO>0.5 NO>0.5 

0.6.4 0.7 NO>O.S 

7.12 8.42 5.89 

7.64 10.6 7.24 

0.86 1.43 0.62 

NO>O.S NO>0.5 NO>0.5 

6. NO>0.5 4.2 

NO>0.5 NO>0.5 NO>0.5 

NO>O.S NO>0.5 NO>O.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

NO>0.5 NO>O.5 NO>0.5 

NO>0.5 NO>0.5 NO>0.5 

ugn (ppb) 

Xylenes Total Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

3.2 20. 93.4 465.3 

23. 32.3 4.71 140.45 

15. 30.1 2.2 112. 

72. 97.2 6.2 720.17 

8.5 13.4 0.91 67. 

11. 14.8 2.2 64. 

62. 84.6 20. 988.2 

55. 75.3 28.1 737.5 

1.6 1.6 4.45 23.23 

NO>1.5 NO 93. 209. 

60. 82.1 517. 1.137.5 

NO>30 NO 3.4 569. 

NO>1.5 NO 3.53 11.27 

2.04 3.4 3.17 17.33 

50.4 71.8 68.19 816.91 

40.8 66.3 8.69 424.98 

7.02 9.9 0.42 62.35 

NO>1.5 NO 13.36 51.06 

2.4 12.6 NO 51.55 

NO>0.5 NO NO 4.54 

NO>0.5 NO NO 2.6 

NO>0.5 NO NO 10.53 

NO>0.5 NO NO 1.6 

NO>1.5 NO 0.2 18.04 

NO>1.5 NO NO 5.02 

NO>1.5 NO NO 3.2 

NO>1.5 NO 1.21 7.1 

NO>1.5 NO NO NO 

NO>1.5 NO NO 18.45 

NO>1.5 NO NO 9.02 

NO>1.5 NO 0.11 6.29 

NO>1.5 NO NO NO 

NO>1.5 NO NO 2.23 

NO>1.5 NO NO NO 

I 

I,' 

--

EPA 9010 EPA 8270 

nig/l (ppm) . ugn (ppb) 

Total Amenable Total 
Cyanide 

0.0052 3 

1.08 

0.86 

1.91 

5.7 

1.2.4 

11. 

.•. 10. 

:0.34 

0.46 

' 6,7 

3.4 
0.22 

6.5 

6.7 

.1.7 

0.19 

0.35 

0.26 

0.44 

0.22 

0.16 

0.28 

0.16 

0.26 

0.28 

0.08 

0.12 

0.11 

0.16 

0.13 

0.08 

0.04 

Cyanide Phenols 

# 

-

NO>O.Ol 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

-

NO>O.Ol 

NO>O.Ol 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

# 

0.05 

0.6 

, 

i 

0.19 

0.09 

0.02 

0.03 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well 

Number 

HAl 

Sample 

Number1 

Sample 

Date 

Ambient Water Quality Criteria (AWQC) for Surface Water' 

MW2-61 

MW3-26 

Remedial Investigation 

981116-MW2-61-04 

990216-MW2-61-006 

990S12-MW2-61-0S 

990823-MW2-61-07 

991026-MW2-61-04 

00032B-MW2-61-104 

001004-MW2-61-04 

01 032B-MW2-61-1 04 

011009-MW2-61-104 

020403-MW2-61-103 

020924-MW2-61-103 

030318-MW2-61-104 

951206-MW3-26-01 

96031 B-MW3-26-02 

96061 B-MW3-26-01 

961001-MW3-26-01 

970225-MW3-26-01 

970827-MW3-26-01 

980217-MW3-2B-Ol 

980602-MW3-2B-09 

98082B-MW3-26-08 

981117-MW3-26-12 

990216-MW3-26-010 

990514-MW3-26-23 

990824-MW3-26-12 

991027-MW3-26-14 

000330-MW3-26-113 

001005-MW3-26-11 

010328-MW3-26-113 

Nonhwest Natural - Gasca Facility 
Portland, Oregon 

16-Nay-98 

16-Feb-99 

12-May-99 

23-Aug-99 

26-0ct-99 

2B-Mar-00 

4-0ct-00 

28-Mar-Ol 

9-0ct-Ol 

3-Apr-02 

24-Sep-02 

lB-Mar-03 

6-0e0-95 

lB-Mar-96 

18-Jun·96 

1-0ct-96 

25-Feb-97 

27-Aug-97 

17-Feb-98 

2-Jun-98 

26-Aug-98 

17-NaY-98 

16-Feb-99 

14-May-99 

24-Aug-99 

27-0ct-99 

3D-Mar-00 

5-0ct-00 

28-Mar-Ol 

File: 2708 GW Hist Results-06103.xls ; Summary-ALL thru June_03 

Benzene 

51. ' 

ND>O,S 

NO>O,S 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.500 

ND>O.SOO 

NO>0.50 

NO>0.50 

30. 

Toluene 

200,000, ' 

ND>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

ND>0.5 

ND>0.5 

ND>0.5 

NO>0.5 

ND>0.500 

NO>0.500 

ND>0.50 

NO>O.SO 

0.98 

5. 

EPA Method 8020 

ugn (ppb) 

Ethyl 
benzene 

29,000. ' 

ND>0.5 

NO>0.5 

NO>0.5 

NO>O.5 

ND>O.S 

ND>0.5 

NO>O.S 

NO>0.5 

NO>0.500 

ND>0.500 

NO>0.50 

NO>0.50 

0.65 

2.2 ""'" .::':'1;300, 

;;::2,300,' 

0.55 

I N:>:o':~i130:;' I ~~:~:: 
22. INO>10 

0.95 NO>0.5 

ND>0.5 

ND>0.5 

2. IND>0.5 

ND>0.5 

ND>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

NO>0.5 INO>0.5 INo>0.5 
89.9 NO>0.5 NO>0.5 

587, 1.11 NO>0.5 

NO>0.5 

NO>0.5 

ND>0.5 

ND>0.5 

ND>0.5 

ND>0.5 

ND>O.S 

ND>0.5 

NO>O.S 

NO>0.5 

ND>0.5 

ND>0.5 

ND>O.S 

NO>O.S 

NO>0.5 

Xylenes 

# 

NO>I.5 

NO>I.5 

NO>I.5 

NO>l.S 

NO>I.5 

NO>1.5 

ND>I.5 

NO>I.5 

ND>I.50 

NO>I.50 

ND>I.5 

NO>I.5 

NO>0.5 

NO>I.5 

NO>l,S 

NO>I.5 

NO>I.5 

ND>1.5 

NO>I.5 

NO>I.5 

NO>I.5 

ND>I.5 

NO>I.5 

NO>1.5 

ND>I.5 

1.4 

5.6 

27. 

2.4 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

AnaJytical Results 

Total 
BTEX 

# 

33. 

1,312.8 

2,349. 

3.9 

130. 

2, 

89.9 

588.1 

EPA Method 8270 SIM 

ugn (ppb) 

Carcinogenic 
PAHs 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

# 

21.04 

1.71 

2.6 

182. 

4.9 

27.6 

7.07 

100. 

409. 

32.2 

0.97 

4.42 

1.67 

7.23 

2.44 

2.96 

5.42 

NO 

NO 

NO 

NO 

NO 

NO 

ND 

NO 

NO 

Total 
PAHs 

# 

0.33 

0.37 

0.54 I 

85.24 

42.39 

48. 

334. 

11.9 

53.2 

13.45 

204. 

982, 

59. 

3.56 

13.21 

25.12 

12.56 

6.32 

6.15 

11.9 

I 

I " 

I: 

EPA 9010 

mg/l (ppm) 

Total 
Cyanide 

Amenable 
Cyanide 

0.0052 3 
# 

1.3 1.3 

1_6 ND>0.04 

1.1 ND>0.02 

1,4 0.2 

1.3 0.34 

, 1,2 0.58 

0.43 

0:25 ND>0.02 

0,83 

2,38 

,,0,97 

ND>0.400 

1,3 ND>0.040 

0_27 

0,25 

0.34 

0.28 

2.3 

0.5" ND>O.Ol 

0.76 ND>O.OI 

1.3 0.72 

2.1 0.1 

0.33 ND>0.02 

0.3 

0.57 ND>0.02 

0.79 ND>0.02 

0.36 

0.22 

0.21 

0.04 

0.21 

EPA 8270 

ugn (ppb) 

Total 
Phenols 

# 

Page20f15 
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Table 4a - Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Wen 

Number 

HAl 

Sample 

Number' 

Sample 

Date 

Benzene 

Ambient Water Quality Criteria (AWQC) for Surface Water 'I 51. ' 

MW3·56 951206-MW3-56-01 6-Dec·95 I;; ; '1,200. 

960319·MW3·56·01 19oMar·96 730. 

730. 

Toluene 

200,000. ' 

24. 

16. 

7.1 

750. ND>5 

EPA Method 8020 

ugA (ppb) 

Ethyl 
benzene 

29,000. ' 

ND>5 

34. 

27. 

26. 

11. 

Xylene. 

# 

ND>5 

90. 

66. 

73. 

27. 

960620·MW3·56-01 

961002·MW3-56-01 

970226-MW3·56·01 

970828·MW3-56-01 

98021S-MW3-56-0 1 

980218·MW3·56-02 

980602·MW3-56·14 

980602·MW3·56-15 

980826-MW3-56-12 

98111S-MW3-56·16 

98111S-MW3-56-17 

990217·MW3·56-015 

990514-MW3-56-24 

990824-MW3·5S-16 

99102S-MW3-56-17 

000330-MW3-56-117 

001005-MW3-56-13 

010329·MW3-56-116 

020404-MW3·56-111 

030319·MW3·56-112 

20·Jun·96 

2·0ct·96 

26-Feb·97 

28-Aug·97 

1S-Feb·98 

18·Feb·98 

2·Jun·98 

2·Jun·98 

26-Aug·98 

18·Nov·98 

1S-Nov·98 

17·Feb·99 

14·May·99 

24-Aug·99 

2a·Oct·99 

30-Mar·00 

5-0ct·00 

29oMar·Ol 

4-Apr·02 

19·Mar·03 

450, iNO>$ 

340, 0.9 

0.69 

1.1 

2.5 I 11. 

Remedialli1vestigation 
Northwest Natural. Gasco Fadlity 
Portland. Oregon 
File: 2708 GW Hist Results-06/03.xls ; Summary·ALL thru June_03 

520, 

520, 

580. I 25. IND>10 

630. ND>10 ND>10 

430.',' 

630; "., ND>0.5 
610. 'ND>0.5 

0.96 

ND>0.5 

ND>0.5 

ND>5 

'

ND>0.5 

5.03 ND>5 

63.4 

IND>0.5 

2.9 

4. 

2.8 

60.4 

0.99 

115. 

ND>0.500 

ND>5.0 

ND>30 

ND>30 

ND>1.5 

ND>1.5 

ND>15 

ND>15 

15. 

19. 

13. 

2.32 

20.8 

192. 

7.36 

2.09 

913. 

7.8 

Analytical Results 

Total 
BTEX 

# 

1.348. 

839. 

836.1 

488. 

750. 

354.4 

538.8 

544.1 

605. 

630. 

446.8 

630. 

610. 

760. 

92.5 

635.8 

705.8 

175.4 

55.3 

1,185. 

347.8 

430. 

EPA Method 8270 SIM 

ugA (ppb) 

Carcinogenic 
PAHs 

# 

2.69 

2.34 

1.6 

0.54 

0.62 

0.82 

0.58 

0.46 

25. 

24. 

30.3 

0.97 

0.77 

12.53 

2.65 

0.6 

0.59 

3.84 

12.63 

10.35 

2.62 

1.52 

Total 
PAHs 

# 

1,384.75 

1,926.62 

1,491. 

938. 

618. 

195.52 

129.58 

155.56 

316. 

306, 

101.58 

119. 

121. 

163.45 

157.21 

99.66 

98.98 

166.08 

136. 

107.75 

98.13 

94.38 

EPA 9010 

mgll (ppm) 

EPA 8270 

ugA (ppb) 

Total 
Cyanide 

Amenable Total 
Cyanide Phenols 

0.0052 ' # # 

0.19 

0.08 

0.09 

0.13 

0.11 

0.16 IND>O.Ol 

0.15 IND>O.Ol 

0.1,5 

0.13 I ND>O.Ol 

,0.08 I ND>0.02 

0.11 

',0.12 

0.1 ,I ND>0.02 

0.07 ND>0.02 

,,0.06 

0:15 

NO>0.02 

0.1 I ND>0.040 

0.04 

0.02 

0.05 

0.05 

ND 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number1 

Ambient Water Quality Criteria (AWQC) for Surface Water' 

MW4-35 951206-MW4-35-01 

96031 B-MW4-35-01 

96031 B-MW4-35-02 

960618-MW4-35-01 

961001-MW4-35-01 

970225-MW4-35-01 

980827-MW4-57-01 • 

980217 -MW4-35-0 1 

980601-MW4-35-06 

98082B-MW4-35-06 

98082B-MW4-35-07 

981117-MW4-35-11 

990216-MW4-35-009 

990514-MW4-35-21 

990824-MW4-35-11 

991021-MW4-35-13 

000330-MW4-35-114 

001 005-MW4-35-1 0 

010328-MW4-35-112 

Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

6-0ec-95 

lB-Mar-96 

18-Mar-96 

18-Jun-96 

1-0ct-96 

25-Feb-97 

27-Aug-97 

17-Feb-98 

l-Jun-98 

2B-Aug-98 

26-Aug-98 

17-Nov-98 

16-Feb-99 

14-May-99 

24-Aug-99 

27-0ct-99 

30-Mar-00 

5-0ct-00 

2B-Mar-Ol 

File: 2708 GW Hist Results-06/03,xls ; Summary-ALL thru June_03 

ugn (ppb) 

Benzene Toluene Ethyl 
benzene 

51. • 200,000 .• 29,000 .• 

0.S4 NO>0.5 NO>O.S 

17. 0.96 NO>0.5 

18. 0.82 NO>0.5 

5.9 NO>0.5 NO>0.5 

5,9 NO>O.S NO>O,S 

14. NO>O.S NO>O.S 

8.8 NO>O.S NO>0.5 

15. NO>0.5 ND>0.5 

NO>O.S ND>O.S NO>0.5 

10. NO>0,5 NO>0,5 

10. NO>0,5 NO>Q,5 

17. ND>0,5 0.99 

31. NO>0,5 NO>0,5 

16, NO>O.S NO>0.5 

NO>5 NO>0.5 NO>5 

13,9 1.16 NO>0.5 

5.39 NO>0.5 NO>O,S 

10.4 NO>0.5 NO>0.5 

NO>O,S NO>O,S NO>O.S 

ugn (ppb) 

Xylenes 
Total Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

ND>0.5 O.S 0.69 54.49 

1.3 19.3 3.18 84.4 

2.1 20.9 2.41 79.1 

0.61 6.5 2.5 61. 

1.4 7.3 1.7 42.33 

ND>O.S 14. 0.41 46. 

1.7 10.5 0.S3 36.26 

NO>1.5 15. 0.25 31.85 

NO>1.5 NO 0.48 44. 

NO>1,5 10, 19,26 60,85 

ND>1,5 10, 20.23 64,65 

NO>l.S 18, 5,3 51. 

NO>1,5 31. 0.4 23,41 

NO>l.S 16. 0.32 24.83 

NO>1.5 NO 1.1 33.261 

2,4S 17,S 5,75 97,39 

NO>1.5 5,4 0.42 4S.26 

NO>1.5 10,4 21,72 162,S 

NO>l,S NO 0,4 2S,55 

I,:: 
I,,:; 

' ,. 

EPA 9010 EPA 8270 

mgll (ppm) ugn (ppb) 

Total 
Cyanide 

0.00523 

0.08 

0.35 

0.46 

0,75 

0,39 

0,8 

0,36 

; 0.29 
" 

0.63 

,0.81 

,0.83 

"', ::0,22, 
'-, '0.26 

0,86 

0,9S 

0,61 

.. ~ ::: . 
0,19 

Amenable Total 
Cyanide Phenols 

# 

NO>O.Ol 

NO>0.02 

-

NO>0,02 

NO>0.02 

# 

NO 

NO 

NO 

NO 

NO 

0.02 

0,03 

0,17 

0.53 

0,1 

0,04 

0.18 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample AnaMical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWaC) for Surface Water 2 

MW4-57 951205-MW4-57 -01 

960321-MW4-57-01 

960620-MW4-57-01 

961002-MW4-57-01 

970226-MW4-57 -01 

970828-MW4-35-01 5 

98021B-MW4-57-01 

980603-MW4-57-18 

98082B-MW4-57 -13 

98111 B-MW4-57 -20 

990217-MW4-S7-016 

990514-MW4-S7 -22 

990S25-MW4-57 -17 

99102B-MW4-57-21 

000403-MW4-S7 -121 

00100S-MW4-S7-19 

01 0329-MW4-57 -120 

020405-MW4-57 -117 

030320-MW4-57-117 

MW4-1 01 981117-MW4-101-09 

990216-MW4-1 01-007 

990514-MW4-101-19 

990514-MW4-101-20 

990824-MW4-101-09 

991027-MW4-101-11 

000329-MW4-101-111 

001 005-MW4-1 01-09 

01032S-MW4-101-110 

011009-MW4-101-103 

020404-MW4-101-110 

020924-MW4-1 01-1 02 

03031B-MW4-101-109 

Remedial Investigation 
NorthWest Natural - Gasco FaCility 
Portland. Oregon 

5-0e0-95 

21-Mar-96 

20-Jun-96 

2-0ct-96 

26-Feb-97 

2B-Aug-97 

lB-Feb-98 

3-Jun-98 

2B-Aug-98 

19-Nov-98 

17-Feb-99 

14-May-99 

25-Aug-99 

2B-Oct-99 

3-Apr-OO 

6-0ct-00 

29-Mar-Ol 

5-Apr-02 

20-Mar-03 

17-Nov-98 

IS-Feb-99 

14-May-99 

14-May-99 

24-Aug-99 

27-0ct-99 

29-Mar-00 

S-Oct-OO 

2B-Mar-Ol 

9-0ct-Ol 

4-Apr-02 

24-Sep-02 

18-Mar-03 

File: 2708 GW Hist Results-06103.x1s ; Summary-ALL thru June_03 

Benzene Toluene 

51 .• 200.000 .• 

9,600. 72. 

11,000. NO>50 

10,000. NO>200 

14,000. NO>100 

16,000. 34. 

12,000. NO>50 

'15,600 ... 35. 

.• 10,100. 58. 

I,; :;;~:~~~: .'. 37. 

NO>25 

,~4.~Oq~.· 10.6 

:: :.1.6,900.:: . NO>50 

1:: .. :'17!500.i:; 54.S 

. 6,900.:: 12. 

:':·· •. 19,300;:. B.64 

, .....• ',15,000. ':, . NO>100 

:, .. J8,800. : NO>50 

? .'18,800. NO>500 

•. 17000. NO>100 

32. NO>0.5 

18.9 NO>0.5 

95. NO>0.5 

99.4 NO>0.5 

63.1 3. 

7.25 NO>0.5 

3.96 NO>O.S 

NO>0.5 NO>0.5 

NO>0.5 NO>O.S 

NO>0.500 NO>0.500 

5.17 NO>0.500 

43. NO>0.50 
120. A , NO>2.5 A 

ugn (ppb) ugA (ppb) 

Ethyl 
Xylenes Total Carcinogenic Total 

benzene BTEX PAHs PAHs 

29.000. • # # # # 

590. 290. 10.552. 1.73 1,328.27 

520. 270. 11.790. 2.29 1.097.76 

480. NO>200 10.480. 1.4 646. 

580. 400. 14.980. 0.64 1,707. 

630. 130. 16.794. 0.52 1,688. 

360. NO>150 12.360. 0.44 1,691,74 

530. 240. 18,405. 0.28 2,357.88 

540. 170. 10,868. 0.77 2.299. 

560. 280. 14.677. 22.34 2,471.34 

470. 110. 11.680. 0.34 1,968. 

639. 220. 15,269.6 0.32 1.575.28 

750. NO>150 16,650. 0.39 1,684.32 

493. NO>150 18,047.8 0.4 2.305.4 

461. 144. 7,517. NO 1,692. 

452. 137. 19,B97.6 0.47 2,765.74 

574. NO>300 15,574. 0.38 2,498. 

730. NO>150 19,530. 0.43 3,063.35 

805. NO>I.000 19,605 . 0.21 2.249.96 

770. NO>300 17,770. NO 2,233.4 

3.3 2.1 37.4 NO 20. 

1.9 NO>I.5 20.8 NO 8.3 

10.4 2.05 107.5 NO 68.31 

13. NO>I.5 112.4 NO 62.5 

4.76 NO>7.5 60.9 NO 190.64 

4.17 NO>1.5 11.4 NO 166.65 

1.33 NO>I.S 5.3 NO 21.57 

NO>0.5 NO>I.5 NO NO 1.36 

NO>0.5 NO>I.S NO NO 1.14 

NO>0.500 NO>I.50 NO NO 1.18 

NO>0.500 NO>I.50 5.2 NO 5.97 

NO>0.50 NO>I.5 43. NO 12.63 
NO>2.5 A NO>7.5 A 120. NO 15.63 

EPA 9010 EPA 8270 

mgn (ppm) ugn (ppb) 

Total 
Cyanide 

0.0052 ' 

1.18 

0.03 

0.88 

1. 

1.52 

2. 

2. 

1.9 

1.4: 

1.8 

'1.4 

'.1.8 

'1.7 '" 

. 0.65 

0.74 

0.7 

3.43 

1.3 

0.62 

. 0.64 

0.47 

0.48 

0.56 

0.36 

0.52 

0.2 

0.66 

0.43 

0.49 

0.51 

Amenable Total 
Cyanide Phenols 

# # 

2.8 

29. 

4.8 

4.6 

NO>0.05 47. 

0.008' 

0.1 

0.5 

NO>0.02 

-
NO>0.02 

NO>0.02 

0.17 

NO>0.02 

NO>0.08 

NO>0.400 

NO>0.040 

0.2 

0.03 

0.12 

0.03 

NO>0.02 

0.11 

0.08 

NO>0.02 

NO>0.0400 

NO>0.040 

Page 5 of 15 
Updated: 10/1103 MSM 

HAHN AND ASSOCIATES. INC. 



S 
"0 
"0 
CD 
~ 
o 
N 
N 
CD 
CD 
.j::>.. 

Table 4a· Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number1 

Ambient Waler Quality Criteria (AWQC) for Surface Water' 

MW5-32 951205-MW5-32·01 

960319-MW5-32·01 

960319-MW5-32·01 
(dissolved) 

960620·MW5-32·01 

961001·MW5-32·01 

970225-MW5-32·01 

970827·MW5-32·01 

980217 ·MW5-32·01 

980602·MW5-32·10 

980826-MW5-32·09 

981118·MW5·32·13 

990216·MW5-32·011 

990514-MW5-32·17 

990824-MW5-32·13 

991027·MW5·32·15 

000330-MW5-32·115 

001005-MW5·32·12 

010329·MWS·32·114 

MW5-1 00 981116-MW5-100-14 

990217 ·MW5-1 00-018 

990514-MW5-100·18 

990825-MW5-1 00-18 

991 028·MW5-1 00·19 

000330-MW5-100-119 

001 006-MW5-1 00-15 

001006-MW5-100-16 

010329-MW5-100-118 

020405-MW5-100-114 

020405-MW5-100-115 

030319·MW5-100-114 

Remedial Investigation 
Northwest Natural· Gasco Facility 
Portland, Oregon 

5-Dec·95 

19·Mar·96 

19·Mar·96 

20·Jun·96 

1·0ct·96 

25-Feb·97 

27·Aug·97 

17·Feb·98 

2·Jun·98 

26-Aug·98 

18·Nov·98 

16·Feb-99 

14-May·99 

24-Aug·99 

27·0ct·99 

30-Mar·00 

5-0ct·00 

29·Mar·Ol 

18·Nov·98 

17·Feb·99 

14-May·99 

25-Aug·99 

28·0ct·99 

30·Mar·00 

6·0ct·00 

6·0ct·00 

29·Mar·Ol 

5-Apr·02 

5-Apr·02 

19-Mar·03 

File: 2708 GW Hist Results-00103.xls; Summary.ALL thru June_03 

ugn (ppb) 

Ethyl Benzene Toluene benzene 

51 .• 200,000 .• 29,000 .• 

NO>0.5 ND>0.5 ND>0.5 

NO>0.5 ND>O.S NO>O.S 

. 

ND>O.S NO>0.5 NO>O.S 

ND>0.5 NO>0.5 NO>0.5 

ND>0.5 NO>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 NO>0.5 NO>0.5 

NO>0.5 ND>0.5 ND>0.5 

ND>0.5 NO>0.5 NO>0.5 

NO>0.5 ND>0.5 ND>0.5 

ND>0.5 NO>0.5 ND>0.5 

NO>0.5 ND>0.5 NO>0.5 

0.75 0.74 0.68 

ND>0.5 NO>0.5 ND>0.5 

ND>0.5 ND>0.5 NO>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 NO>0.5 ND>0.5 

5,000. NO>5.0 330. 

6,650. ND>25 244. 

11,400. 6,75 613. 

11,800. ND>250 534. 

10,300. NO>50 644. 

9,550. ND>25 575. 

9,180. ND>50 513. 

9,020 •. NO>100 468. 

. 9,560: ND>100 436. 

:.:: .:: 8,750. ND>500 NO>500 

. 8,950 .. ': NO>500 ND>500 
"6;600.·' ND>25 • 400 .• 

ugn (ppb) 

Total Carcinogenic Total Xylenes 
BTEX PAHs PAHs 

# # # # 

ND>0.5 ND 7.59 207.69 

NO>O.S NO 29.81 268.91 

NO 4S. 

ND>O.S NO 14. 83. 

ND>0.5 NO 277. 773. 

ND>0.5 NO 1. 9.7 

ND>1.5 NO 10.4 24.3 

NO>1.5 ND 3.23 7.57 

ND>1.5 NO 36. 95. 

NO>1.5 NO 273.7 540.4 

ND>1.5 ND 1.4 4.7 

NO>1.5 NO 2.57 6.89 

ND>1.5 NO 0.8 2.4 

1.74 3.9 8.82 21.15 

NO>1.5 NO 6.68 16.16 

NO>1.5 NO 4.45 8.97 

NO>1.5 ND 1.66 3. 

ND>1.5 ND 10.12 19.65 

320. 5.650. NO 7,127. 

242. 7,136. ND 5,032.73 

611. 12,630.8 NO 7.482.13 

ND>750 12,334. ND 13,330.3 

552. 11,496. ND 7,471.79 

525. 10,650. 0.1 9,825.06 

472. 10,165. ND 10,104. 

412. 9,900. ND 9,218. 

ND>300 9,996. ND 9.619.6 

ND>l,OOO 8,750. 1.1 82,319.6 

ND>l,OOO 8.950. 0.25 4,321.28 
250 .• 7250. NO 5614. 

EPA 9010 EPA 8270 

mgll (ppm) ugll (ppb) 

Total 
Cyanide 

0.00S2 ' 

0.1 

0.11 

0.05 

0.14 

0.11 

0.14 

0.17 

0.18 

0.23 

0.25 

0;13 

0.15 

0.18 

0.19 

ND>0.02 

. 
0.18 

0.66 

0.66 

0.44 

0,84 

0,69 

0.56 

0.14 

1.8 

, 1 .• 54 
.. ' , 0.56 

Amenable Tolal 
Cyanide Phenols 

# 

ND>O.Ol 

NO>0.02 

NO>0.02 

NO>0.02 

NO>O.Ol 

NO>0.02 

ND>0.02 

NO>O,02 

ND>0.02 

ND>0.400 

ND>0.080 

NO>0.040 

# 

0.04 

0.01 

0.05 

0.03 

0.04 

0.17 

0.06 

0.08 

0.09 

0.14 
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Table 4a· Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 

Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MW5-175 981116-MW5-175-07 

99021S-MW5-17 S-003 

990512-MW5-17S-07 

990823-MW5-17S-03 

991026-MW5-175-06 

000329-MW5-17 S-1 06 

001004-MWS-17S-05 

010328-MW5-175-105 

011009-MWS-175-102 

020404-MW5-17 5-105 

020924-MW5-175-101 

03031S-MW5-175-105 

MW6-32 951207-MW6-32-01 

960319-MW6-32-01 

960319-MW6-32-01 
(dissolved) 

960617-MW6-32-01 

960930-MW6-32-01 

970224-MW6-32-01 

970826-MW6-32-01 

980216-MW6-32-01 

980601-MW6-32-04 

MW6-61 951206-MW6-61-01 

960319-MW6-61-01 

960620-MW6-61-01 

961001-MW6-61-01 

970225-MW6-61-01 

970828-MW6-61-01 

RemediaTinvestigation 
Northwest Natural - Gasco Facility 
Portland. Oregon 

16-Nov-98 

1S-Feb-99 

12-May-99 

23-Aug-99 

26-0ct-99 

29-Mar-00 

4-0ct-00 

28-Mar-01 

9-0ct-01 

4-Apr-02 

24-Sep-02 

1S-Mar-03 

7-0ec-95 

19-Mar-96 

19-Mar-96 

17-Jun-96 

30-Sep-96 

25-Feb-97 

26-Aug-97 

16-Feb-98 

1-Jun-98 

6-Dee-95 

19-Mar-96 

20-Jun-96 

1-0ct-96 

25-Feb-97 

28-Aug-97 

Fila: 2708 GW Hist Results.Q6lO3.x1s ; Summary-ALL thru June_03 

Benzene Toluene 

51' 200,000 .• 

NO>0.5 NO>0.5 

NO>0.5 NO>0.5 

NO>0.5 NO>0.5 

NO>0.5 1.16 

NO>0.5 ND>0.5 

NO>O.5 NO>0.5 

NO>0.5 NO>0.5 

NO>O.5 NO>0.5 

ND>0.500 NO>0.500 

NO> 1.00 ND>1.00 

NO>0.50 ND>0.50 

ND>0.50 NO>0.50 

,;~,oo~_ . 150. 

. 640, 22. 

-
410 •. 40. 

·1;100. 34. 

1,100. 22. 

1,200, 27. 

1,700. NO>250 

1200. 32. 

6.7 0.71 

11. 0.68 

8.4 NO>0.5 

20. 0.93 

82.' : 6.1 

130. 11. 

ugn (ppb) ugA (ppb) 

Ethyl Xylenes 
Total Cardnogenic Total 

benzene BTEX PAHs PAHs 

29,000 .• # # # # 

NO>0.5 NO>1.5 NO NO NO 

NO>0.5 NO>1.5 NO NO NO 

NO>0.5 NO>1.5 NO NO NO 

ND>0.5 NO>1.S 1.2 ND 0.2 

NO>0.5 NO>1.5 NO NO NO 

NO>0.5 NO>1.5 NO NO NO 

NO>0.5 NO>1.5 NO NO NO 

NO>0,5 NO>1,S NO NO NO 

NO>0.500 NO>1.50 NO NO NO 

NO>1.00 NO>2.00 NO NO NO 

NO>0.50 NO>1.S NO NO NO 

NO>0.50 NO>1.5 NO NO NO 

960. 740 . 4,850. 7,470. 199,570. 

400. 270. 1,332. 6.56 2.346.46 

- - - ND 1.940. 

280. 410. 1,140. 16. 1,878. 

470. 320. 1,924. 203.5 4.757.7 

370. 80. 1.572. NO 1.308. 

420. 280. 1.927. 15. 2.069.65 

650. NO>750 2.350. 161.9 3,554.2 

300. 190. 1.722. 20. 2.24S. 

8.9 5.8 22.1 8.17 744.89 

9.2 S.3 26.2 3.29 19S.96 

6. 3.3 17.7 4.3 139. 

16. 8. 44.9 3.B 152.9 

79. 41. 208.1 NO 365. 

180. 120. 441. 4.88 1451.5 

-- -

EPA 9010 EPA 8270 

mgll (ppm) ugll (ppb) 

Total 
Cyanide 

0.0052 J 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

-
NO>0.02 

NO>0.02 

NO>0.0400 

NO>0.040 

0.09 

.0.21 

0.23 

0.02 

0.22 

0.15 

0.18 

0.1 

0.23 

0.28 

0.27 

0.3 

0.35 

0.41 

Amenable Total 
Cyanide Phenols 

# # 

NO>0.01 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.02 

NO>0.0400 

NO>0.040 

ND 

NO>O.Ol 

NO>0.01 

NO 

~----
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· Table 2c - Summary of Analytical Results for Quality Assurance I Quality Control (QA/QC) Samples 

March 2003 Sampling Event 

QAlQC HAl Sample Comment 

Sample Type Sample Number 1 Oate 

Trip Blank 17-MW7-100 17-Mar-03 Trip Blank 

Trip Blank 18-MW7-102 18-Mar-03 Trip Blank 

01 Water sampled from 

Equipment Blank 18-MW7-106 18-Mar-03 decontaminated pump after 
sampling MWS-175 and before 
sampling MW15-66 

Trip Blank 19-MW7-110 19-Mar-03 Trip Blank 

Trip Blank 20-MW7-116 20-Mar-03 Trip Blank 

01 Water sampled from 

Equipment Blank 20-MW7-119 20-Mar-03 decontaminated pump after 
sampling MW4-57 and before 
sampling MW8-56 

Trip Blank 21-MW7-121 21-Mar-03 Trip Blank 

Note: '-' :: not analyzed 
BTEX:: benzene, toluene, ethylbenzene, and xylenes 
EPA:: U.S. Environmental Protection Agency 
NO :: not detected above detection limit indicated 

1 = Sample Prefix: 2708-0303 

Remedial Investigation 
Northwest Natural - Gasca Facility 
Portland, Oregon 
File: 2708 GW Results-03/03.xls : QA QC Summary March_03 

Analytical Results 

ug/l (ppb) 

EPA Method 8021 

Select Aromatic VOCs (AVOCs) 

Benzene Toluene Ethyl 
benzene 

NO>O.SO NO>O.SO NO>0.50 

NO>0.50 NO>0.50 NO>0.50 

NO>0.50 NO>0.50 NO>O.SO 

NO>0.50 NO>O.SO NO>O.SO 

NO>0.50 NO>0.50 NO>0.50 

NO>0.50 NO>0.50 NO>0.50 

NO>0.50 NO>0.50 NO>0.50 

PAHs :: polynuclear aromatic hydrocarbons 
ppb :: parts per billion 
ug/I :: micrograms/liter 

Xylenes 

NO>1.S 

NO>1.5 

NO>1.S 

NO>l.S 

NO>1.5 

NO>1.5 

NO>1.5 

Total 
BTEX 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

I 

EPA Method 

8270 

Total PAHs 

-
-

NO>0.10 

-
-

Phenanthrene = 0.14 
All Others = NO>0.10 

-
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Table 4a· Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water' 

MW08-29 951207 -MWS-29-01 

960321-MWS-29-01 

960619-MWS-29-01 

960619-MWS-29-02 

961002-MWS-29-01 

970226-MWS-29-01 

970829-MWS-29-01 

980219-MWS-29-01 

980S03-MWS-29-19 

981119-MW9-29-22 

990513-MWS-29-14 

991029-MW9-29-23 

000403-MWS-29-123 

01033D-MW9-29-123 

MW9-56 951207-MWS-56-01 

9S0321-MW9-56-01 

96062D-MW9-56-01, 

961002-MWS-59-01 

970226-MWS-59-01 

970829-MWS-56-01 

980218-MWS-56-01 

980S03-MW8-56-21 

981119-MW8-56-23 

990513-MWS-56-15 

991029-MWS-56-24 

000403-MWS-56-124 

01033D-MWS-56-122 

02040S-MW9-56-118 

03032D-MW8-56-120 

Remedial Investigation 
NorthWest Natural· Gasco Facility 
Portland, Oregon 

7-Dec-95 

21-Mar-96 

20-Jun-96 

2D-Jun-96 

2-0ct-96 

26-Feb-97 

28-Aug-97 

18-Feb-98 

3-Jun-98 

19-Nov-98 

13-May-99 

29-0ct-99 

3-Apr-OQ 

3D-Mar-Ol 

7-0ec-95 

21-Mar-96 

20-Jun-96 

2-0ct-96 

26-Feb-97 

28-Aug-97 

19-Feb-98 

3-Jun-98 

19-Nov-98 

13-May-99 

29-0ct-99 

3-Apr-00 

3D-Mar-Ol 

5-Apr-02 

20-Mar-03 

File: 2708 GW Hist Results-06/03.xls; Summary-ALL thru June_03 

ugn (ppb) 

Benzene Toluene Ethyl 
benzene 

51 .• 200,000 •• 29,000 .• 

i, 2;100.; 510. 200. 
"',, '; 

;,,'1,700. " 380. 170. 

-
1,300. 310. 170. 

770. 210. 130. 

860. 200. 150. 

390: 130. 110. 

620. 220. 170. 

700. 320. 250. 

260. eo. 93. 

209. 64.7 58.S 

168, 50.3 51.4 

I';.: :;181.,: 
49.5 46.2 

104., ' 17.4 19. 

.' 13,000 •...... 1,700. 850. 

»':17;00,0. ' 820. 730. 

"'17,0011. 650. 740. 

.' ;:2o,cioo~ ":. 690. 900. 
... ;;: :19.000;: .' 630. 820. 

';~7,OOO.; .... 350. 510. 

,::::;~~::~~:' :~ 
410. 740. 

470. 940. 

,18:20,0> 350. 730. 

I 
,. 

; 20.600 •. 254. 663. 

I:' 9.890. 352. 990. 

17,80,0. 228. 828. 

21,600. ND>125 820. 

26,400. ND>1.00 1,000. 
20,000. A 260 .• 940. • 

ugn (ppb) 

Xylenes 
Total Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

320, 3,130. 315. 7,688. 

400. 2,650. 143.7 7,879.7 

5.4 2,087. 

380. 2,160. 13. 2,166. 

270. 1.380. 25.9 6,086.4 

250. 1.460. 10. 6,204. 

190. 820. 171.7 11,712.7 

250. 1,260. 22.19 11,760.19 

310. 1,580. 196. 12,407. 

130. 563. 11.1 5,377. 

92.5 424,8 10.73 6.444.82 

70.8 340.5 ND 3,302. .. 

NO>75 276.7 7.42 7,158.23 

33,5 173.9 49.12 2291.24 .. 

1,300. 16,850. 156. 21,200. ' .. 
1,600. 20,150. 361.1 15,501.1 ,':, 
1,100. 19,490. 35. 1,769. 

. 

1,800. 23,390. 114. 11,742. 

1,100. 21,550. ND 13,692. 

810. 18,670. 20. 18,141. 

1,100. 22,450. 11.18 12,944.88 

1,300. 20,610. 68. 17,720. 

890. 20,170. ND 11,024. .;" 

763. 22,280. NO 11,960. ': 
1,100. 12.332. 4.23 12,537.17 

830. 19,686. 31.1 14.016.8 

458. 22.878. 40.42 14,953.54 

ND>2.00 27,400. 1.94 7,143. 
930 .• 22,130. 4.2 7712.2 

EPA 9010 EPA 8270 

mgn (ppm) ugn (ppb) 

Total 
Cyanide 

0.00523 

3:11 

2.4 

0.52 

1.46 

3.4 

2.6 

4.9 

2.5 

2.6 

60. 

0.61 

0.92 

;, . .0.58 

0.54 

.:.0.31 

,<0.7 ;' 

0.66 

0:74 

.0.77 
'.' 

0.36 

""'0.57 

2.1 

0.58 

0.27 

1.13 

0.51 

Amenable Total 
Cyanide Phenols 

# # 

114, 

10. 

ND 

100, 

36. 

ND>O.OI ND 

0.022 • 

2. 

0.03 

0.04 

-
-
- -

-
NO>O.Ol 

0.018 • -
- -
-

ND>0.08 

NO>0.02 

ND>0.02 

ND>0.0800 

ND>0.040 
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Table 4a - Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

.::.', 

Well HAl Sample Analytical Results 

Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWOC) for Surface Water 2 

MW9-29 951205-MW9-29-01 

960318-MW9-29-01 

960618-MW9-29-01 

961001-MW9-29-01 

970225-MW9-29-01 

970827 -MW9-29-01 

980217-MW9-29-01 

980602-MW9-29-07 

981118-MW9-29-02 

990S11-MW9-29-03 

991028-MW9-29-02 

000328-MW9-29-102 

01 0327-MW9-29-1 02 

020403-MW9-29-101 

030318-MW9-29-103 

MW1()'25 951207-MW1().25-01 

96032()'MW1 ()'25-01 

960617-MW1().25-01 

96093()'MW1 ()'25-01 

970224-MW1 ()'25-01 

970827-MW10-25-01 

980218-MW1()'25-01 

980601-MW1 ()'25-02 

Remediat Investigation 
Northwest Natural - (lasco Facility 
PorUand, Oregon 

5-Dec-95 

18-Mar-96 

18-Jun-96 

1-0ct-96 

25-Feb-97 

27-Aug-97 

17-Feb-98 

2-Jun-98 

16-Nov-9a 

11-May-99 

28-0ct-99 

28-Mar-00 

27-Mar-01 

3-Apr-02 

18-Mar-03 

7-0ec-95 

2()'Mar-96 

17-Jun-96 

30-Sep-96 

25-Feb-97 

27-Aug-97 

18-Feb-98 

1-Jun-98 

File; 2708 GW Hist Results-06/03.xls : Summary-ALL thru June_03 

ugn (ppb) 

Benzene Toluene 
Ethyl 

benzene 

51 .• 200,000 .• 29,000 .• 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

NO>O.S NO>O.S NO>O.S 

ND>0.5 ND>0.5 ND>0.5 

ND>0.5 ND>0.5 ND>0.5 

ND>O.5 ND>0.5 ND>0.5 

NO>O.SOO NO>O.SOO NO>O.SOO 

NO>0.50 NO>0.50 NO>O.SO 

'.120,000. 42,000. 2,000. 

., "· .. ;'.32,000.:.,;· 38,000. 3,100. 

. .. 28,000.;;'" 32,000. 2,500. 

17,000. 5,000. NO>200 

180,000. 54,000. 1,300. 

'168,000." 54,000. 850. 

186,000. 51,100. 880. 

93800. 30900. 670. 

ugn (ppb) 

Xylenes 
Total Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

ND>0.5 ND ND 1.29 

ND>0.5 ND ND 1.6 

ND>0.5 ND ND 0.15 

ND>0.5 ND ND 0.4 

ND>0.5 ND ND ND 

ND>1.5 ND ND ND 

ND>1.5 ND ND ND 

ND>1.5 ND ND ND 

ND>1.5 ND ND ND 

ND>1.5 ND NO ND 

ND>1.5 ND ND ND 

ND>1.5 ND NO ND 

ND>1.5 ND ND ND 

NO>1.S0 NO NO NO 

ND>1.5 NO NO NO 

9,200. 173,200. 18. 13,316.5 

13,000 . 86,100. 5.9 9,126.31 

8,600. 71,100. 6.8 10,266. 

4,500. 26,500. 78.6 10.529.5 

6,800. 242.100. 74. 9,841. 

6,000. 228,850. 19.6 7,047.1 

6,500. 244,480. 58.1 9,165.2 

3,900. 129270. 35. 12162. 

--

EPA 9010 EPA 8270 

mgn (ppm) ugn (ppb) 

Total 
Cyanide 

0.0052 3 

ND>0.01 

ND>0.01 

0.02 

0.01 

ND>0.02 

ND>0.02 

ND>0.02 

0.03 

ND>0.02 

ND>0.02 

NO>0.02 

0.03 

NO>O.0400 

0.04 

-
0.07 

ND>0.01 

0.2 

0.01 

NO>0.02 

0.21 

Amenable Total 
Cyanide Phenols 

# # i 

I 

ND>0.02 

ND>0.02 -
ND>0.02 

NO>O.0400 -
ND>0.040 

- 2,560. 

2,690. 

- 1,820. 

4,350. 

ND>5,OOO 

2,960. 

2,620. 
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Table 4a· Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Wen HAl Sample Analvtical Results 
Number Sample Date EPA Method B020 EPA Method B270 SI M 

Number1 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MW10-61 951206-MW10-61-01 

960321-MW10-61-01 

960620-MW10-61-01 

960930-MW10-61-01 

970226-MW10-61-01 

97082B-MW10-61-01 

98021B-MW10-61-01 

980603-MW10-61-16 

9BII17-MW10-61-0B 

990512-MW10-Sl-0S 

991026-MW10-61-05 

000329-MWI 0-61-1 05 

011010-MW10-61-109 

020404-MWI 0-61-1 09 

020924-MWI 0-61·1 04 

030319-MW10-61-111 

MWII-32 9S1207-MWII-32-01 

960320-MWI1-32-01 

960617-MWI1-32-01 

960930-MWII-32-01 

960930-MWII-32-02 

970224-MWI1-32-01 

970826-MWII-32-01 

980216-MW11·32-01 

980601-MWI1-32-03 

Remedlallnvestigation 
Northwest Natural - Gasco Facility 
Portland, Oregon 

6-Dee-95 

21-Mar-96 

20-Jun-96 

2·Det·96 

26-feb-97 

2B-Aug-97 

16-feb-98 

3-Jun-98 

17-Nov-98 

12-May-99 

26-0ct-99 

29-Mar-00 

10-0ct-Ol 

4-Apr-02 

24-Sep·02 

19-Mar-03 

7-0ec-95 

20-Mar-96 

17-Jun-96 

30-Sep-96 

30-Sep-96 

25-feb-97 

26-Aug-97 

16-Feb-98 

1-Jun-98 

File; 2708 GW Hist Results-06J03.xls : Summary-ALL thru June_03 

Benzene 

51 .• 

75, 

4.1 

0.9 

0.56 

ND>0.5 

ND>0.5 

NO>0.5 

NO>0.5 

NO>0.5 

ND>0.5 

NO>0.5 

NO>0.5 

ND>0.500 

ND>I.00 

NO>0.50 

NO>0.50 

;~S,OOO.< 
': •. ,:;~~;OOO;,:: 

'2:800> .. " 

;', ;'17;OQO." 
-

",21,000:,,', 

'16;000, 

'12,600. 

".16800, 

ugn (ppb) 

Toluene Ethyl 
benzene 

200,000 .• 29,000 .• 

130, 26. 

1.6 2.9 

ND>0.5 1.1 

ND>0.5 0.69 

ND>0.5 ND>0.5 

ND>0.5 ND>0.5 

NO>0.5 NO>0.5 

NO>0.5 ND>0.5 

NO>0.5 NO>0.5 

0.S9 NO>0.5 

NO>0.5 ND>0.5 

NO>0.5 NO>0.5 

NO>0.500 NO>0.500 

NO>I.00 NO>I.00 

ND>O.50 ND>O.SO 

NO>0.50 ND>0.50 

5,400, 480. 

4,300, 970. 

2,000. 1,000. 

3,300. 900. 

-
4,100. 750. 

4,400. 1,100. 

3,800, 930. 

4000. 810. 

ugn (ppb) 

Total Carcinogenic Total Xylenes 
BTEX PAHs PAHs 

# # # # 

110. 341. 0.72 B29.72 

8.5 17.1 2.55 102.43 

1.7 3.7 2. 46. 

1.1 2.4 1.5 25.15 

ND>0.5 ND 1. 18. 

ND>I.5 ND 0.39 7.76 

NO>I.5 ND 0.4 3.B 

ND>I.5 NO 1.6 6.2 

NO>I.5 NO 3.1 6. 

NO>I.5 0.7 0.57 1.3 

ND>I.5 ND 0.24 1.36 

ND>I.5 NO 0.24 1.09 

NO>I.50 NO NO 0.61 

NO>2.00 NO 0.11 0.B4 

ND>I.S NO 0.25 1.38 

ND>1.5 NO ND 0.95 

2,800. 33,680, 20, 22,365.2 

2,400. 31,670. 6.33 14,676.08 

1,940. 7,740. 14. 11,60B. 

1.760. 22,960. 131.9 17,603.9 

- - 189. 18,894. 

1,800. 27,650. 11. 11,536. 

2,500. 23,000. 20.5 17,075.8 

2,100. 19,430. 15.9 9,769.2 

1,800. 23410. 112. 32376. 

-

EPA 9010 EPA B270 

mgll (ppm) ugn (ppb) 

Total 
Cyanide 

0.0052 ' 

-
ND>O.OI 

ND>O.OI 

ND>O.OI 

ND>O.OI 

NO>O,02 

NO>0.02 

ND>0.02 

NO>0.02 

NO>0.02 

ND>0.02 

ND>0.02 

NO>0.02 

ND>0.0400 

NO>0.040 

NO>0.040 

-
0.24 

'0.19 

0,25 

-
6.22 

0.17 

0.2 

0.21 

Amenable Total 
Cyanide Phenols I 

# # 
I 

I 
ND I 

ND 

ND 

8.4 

NO 

I 

ND 

-
ND>0.02 

NO>0.02 -
-

ND>0.0400 

ND>0.040 

2,520. 

- 1.420. 

960. 

1,681. 

240. 

- 961. 

ND>O.OI 450. 

ND>O.OI 
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Table 4a - Summary of Historical Analytical Results for Groundwater Samples: BTEX. Total PAHs. Total Phenols. and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water' 

MW12-36 951207 -MW12-36-01 

960321-MW12-36-01 

960620-MW12-36-01 

961002-MW12-36-01 

970226-MW12-36-01 

970828-MW12-36-01 

980218-MW12-36-01 

980603-MW12-36-17 

981119-MW12-36-18 

990513-MW12-36-12 

991028-MW12-36-18 

000330-MW12-36-118 

010329-MW12-36-117 

020404-MW12-36-112 

030319-MW12-36-113 

MWl3-30 980217-MW13-30-01 

980S02-MWl3-30-12 

980826-MW13-30-11 

981119-MWl3-30-19 

990217 -MW13-30-014 

990513-MW13-30-13 

991028-MW13-30-20 

000403-MW13-30·120 

001005-MW13-30-18 

010329-MWl3-30-119 

020405-MW13-30-116 

030319-MW13-30-115 

Rei'nedlSflnvestigation 
Northwest Natural - Gasco Facility 
Portland. Oregon 

7-Deo.95 

21-Mar-96 

20-Jun-96 

2-0ct-96 

26-Feb-97 

28-Aug-97 

18-Feb-98 

3-Jun-98 

19-Noy-98 

13-May·99 

28-0ct-99 

30-Mar-00 

29-Mar-Ol 

4-Apr-02 

19-Mar-03 

17-Feb-98 

2-Jun-98 

26-Aug-98 

19-Noy-98 

17-Feb-99 

13-May-99 

28·0ct-99 

3-Apr·OO 

5-0ct-00 

29-Mar-Ol 

5-Apr-02 

19-Mar·03 

File: 2708 GW Hist Results.Q6103.xls ; Summary-ALL thru June_03 

Benzene Toluene 

51. ' 200.000. ' 

96. 410. 

17.0. 180. 

250. 250. 

330. 390. 

. 260. 310. 

230 •.. ' 430. 

I' 14.0.' 370. 

I 150," 350. 

I'· 140. > 370. 

I' 226. 621. .. . .' . 
802. 

i:j~!~~i 
675. 

380. 

351. 

400. 

··.·'6;900.: NO>50 

":5.200~ , 13. 
..... ' ::'. ~ 

···.}13.90(k·· 20. 

. ··550.· 4.3 

" 2.360.' 11.1 

896. 8.9 

650. ND>10 

5,550. 5.67 

577. ND>SO 

290. NO>10 

79.9 309. 

1400. 9.2 

ugn (ppb) ugn (ppb) 

Ethyl Xylenes Total Carcinogenic Total 
benzene BTEX PAHs PAHs 

29.000. ' # # # # 

170. 590. 1.265. 3.65 3.377.55 

110. 550. 1.010. 0.38 2.010.03 

120. 440. 1.060. 0.8 1.621. 

130. 510. 1.360. 0.8 1.375. 

120 . 470. 1.160. 0.94 1.033. 

110. 430. 1.200. 0.S7 839.77 

82. 280. 872. 0.S9 708. 

74. 340. 914. ND 697. 

99. 360. 969. 0.8 487. 

171. 554. 1.572. 0.53 491.4 

293. 797. 2.201. 0.6 545.93 

296. 700. 1.997. 1.74 648.98 

168. 307. 954.3 0.69 415.04 

235. 501. 1.233. 0.5 375.88 

290. 680. 1.570. 0.31 369.18 

370. NO>150 7.270. NO 426.1 

380. 120. 5.713. NO 1.181. 

550. 220. 14.690. NO 742.3 

110. 53. 717.3 NO 399. 

407. 229. 3.007.1 ND 770.59 

261. 175. 1.340.9 ND 1.035.62 

147. 56.5 853.5 NO 822. 

175. 77.4 5.808.1 ND 720.84 

344. 302. 1.223. ND 410. 

122. ND>30 412. ND 522.96 

227. 295. 910.9 NO 451.65 

330. 110. 1.849.2 ND 1.008.4 

I 

EPA 9010 EPA 8270 

mg/l (ppm) ugn (ppb) 

Total 
Cyanide 

0.0052 J 

ND>O.Ol 

ND>O.Ol 

NO>O.Ol 

NO>O.Ol 

NO>0.02 

NO>0.02 

ND>0.02 

ND>0.02 

'1;1 

ND>0.02 

NO>0.02 

ND>0.02 

ND>0.0400 

NO>0.040 

0.28 

"·0.28 

0.42 

0.28 

0.1 

0.12 

0.02 

0.14 

0.05 

NO>0.0400 

0.1 

Amenable Total 
Cyanide Phenols 

# # 

ND 

-
-

ND>0.02 

ND>0.02 

ND>0.02 -
ND>0.0400 -
NO>0.040 -

I 
NO>O.Ol I 

NO>O.Ol 

0.42 -
0.02 

NO>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

0.04 

NO>0.0400 

ND>0.040 
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Table 4a· Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MWl3-Bl 980218·MW13·Bl·01 

980602·MW13·61·13 

980825-MWl3-61·03 

981116-MW13·61·03 

990512·MWl3-61·04 

991026-MWl3-61·03 

000326-MW13·61·104 

001004·MWl3-61·03 

010327·MWl3-61·103 

011009-MWl3-61·106 

020403-MW13-Bl·l02 

020924-MWl3-61·10B 

030317·MW13·Bl·l0l 

MWl4-110 981116·MW14·110-0B 

990216-MW14·110-00S 

990S12·MW14·110·09 

990823-MW14·110-0B 

991027 ·MW14·11 0-09 

991027·MW14·110-10 

000329·MWl4-11 0·1 09 

000329·MW14·110·110 

000815-MWl4-110·102 

001005-MW14·110·06 

001220-MW14·110·102 

010326-MWl4-110-108 

010626-MW14·110·102 

011009·MW14·110-10S 

011213·MWl4-110·101 

020404·MW14·11 0-1 08 

020711MWl4-110-101 

020924-MWl4-110·10S 

021217·MW14·110·102 

030316-MW14·110-108 

030602·MW14·110-101 

Remeiliannvestigation 
Northwest Natural· Gasco Facility 
Portland. Oregon 

16-Feb·98 

2·Jun·98 

25·Aug·98 

16-Nov·98 

12·May.99 

2B·Oct·99 

26-Mar-OO 

4·0ct·00 

27·Mar-Ol 

9·0ct·01 

3-Apr·02 

24-Sep.02 

17·Mar·03 

16-Nov·98 

16-Feb·99 

12·May·99 

23·Aug·99 

27·0ct·99 

27·0ct·99 

29·Mar·00 

29-Mar·00 

15-Jun·00 

S·Oct·OO 

20·Dec·00 

28·Mar·Ol 

28·Jun·Ol 

9·0et·Ol 

13-0ec·Ol 

4·Apr·02 

11·Jul·02 

24-Sep·02 

17·0ec-02 

16-Mar·03 

2·Jun·03 

File: 2708 GW Hist Resulls-OO/03.xls: Summary.ALL thru June_03 

Benzene Toluene 

51 .• 200.000 .• 

NO>0.5 ND>0.5 

NO>0.5 ND>0.5 

2.1 ND>0.5 

1.4 ND>0.5 

NO>O.S NO>O.S 

1.39 ND>O.S 

NO>O.S NO>O.S 

NO>O.S NO>O.S 

NO>0.5 ND>0.5 

NO>O.SOO NO>O.SOO 

NO>O.SOO NO>0.500 

NO>O.SO NO>O.SO . 

NO>O.SO NO>O.SO 

3.2 NO>O.S 

12.7 NO>0.5 

22.1 NO>O.S 

4S.B 0.7S 

28.B 0.81 

29.7 0.S7 

7.84 NO>O.S 

8.9 O.S 

4.85 NO>0.5 

NO>O.S NO>O.S 

NO>O.S NO>O.S 

NO>0.5 NO>O.5 

NO>O.SOO NO>O.SOO 

NO>0.500 ND>O.SOO 

NO>O.SOO NO>O.SOO 

NO>1.00 NO>1.00 

NO>O.SOO NO>O.SOO 

NO>O.SO NO>0.50 

NO>O.SO NO>O.SO 

NO>O.SO NO>O.SO 

NO>0.50 NO>0.50 

ugn (ppb) ugn (ppb) 

Ethyl Total Carcinogenic Total 
benzene 

Xylenes 
BTEX PAHs PAHs 

29.000 .• # # # # 

ND>0.5 NO>1.5 NO NO NO 

NO>0.5 ND>1.5 ND ND ND 

NO>0.5 ND>1.5 2.1 ND ND 

NO>0.5 ND>1.5 1.4 ND 0.2 

ND>O.S NO>l.S NO NO 0.26 

NO>O.S NO>l.S 1.4 ND 0.62 

NO>O.S NO>l.S NO NO NO 

ND>O.S NO>1.5 NO NO 0.68 

NO>0.5 ND>1.5 ND ND NO 

NO>O.SOO NO>1.50 NO NO 0.28 

NO>0.500 ND>1.S0 ND NO NO 

NO>O.SO NO>l.S NO NO NO 

NO>0.50 NO>l.S NO NO NO 

NO>O.S NO>l.S 3.2 NO NO 

0.6 NO>l.S 13.3 NO 0.11 

1.88 2.4 2B.4 NO 0.28 

1.85 2.09 SO.3 NO 0.41 

1.4S NO>l.S 30.9 NO 0.2B 

1.52 ND>1.5 , 31.8 NO 0.27 

0.73 NO>1.5 8.B NO 0.42 

0.83 NO>1.5 10.2 ND 0.42 

ND>0.5 NO>l.S 4.9 NO 0.2 

NO>O.S NO>l.S NO NO NO 

NO>0.5 ND>1.S NO NO 0.14 

NO>O.S NO>1.5 NO NO 0.23 

NO>0.500 ND>1.50 NO NO 0.18 

NO>0.500 NO>1.50 ND NO ND 

NO>O.SOO NO>1.S0 NO NO NO 

NO>1.00 NO>2.00 NO NO 0.1 

NO>O.SOO NO>1.S0 NO NO NO 

NO>O.SO ND>l.S NO NO 0.1 

NO>O.SO ND>l.S NO NO ND 

NO>O.SO ND>l.S NO NO ND 

NO>O.SO NO>l.S NO NO NO 

EPA 9010 EPA 8270 

mg/I (ppm) ugn (ppb) 

Total 
Cyanide 

0.0052 ' 

0.14 

0.13 

0.15 

0.15 

0.07 

0.11 

0.09 

.0.09 

.... 0.19 

0.21 

0.13 
--:-

0.05 

0.04 

0.03 

0.05 

0.04 

0.03 

0.03 

0.03 

NO>0.02 

0.05 

NO>0.0400 

NO>0.0400 

. 
, 

NO>0.040 

Amenable Total 
Cyanide Phenols 

# # 

NO>O.Ol 

ND>O.Ol 

0.09 

0.15 

NO>0.02 

0.04 · 
NO>0.02 

ND>0.02 

. · 
ND>0.0400 · 

NO>0.040 

· 
NO>0.02 

0.03 

NO>0.02 · 
NO>0.02 

ND>0.02 

NO>0.02 

ND>0.02 

NO>0.02 

NO>0.02 

ND>0.02 

NO>0.02 

0.025 

NO>0.0200 

NO>0.0400 · 
NO>0.0400 

. · 
ND>0.040 

NO>0.040 

NO>0.040 · 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 
December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number1 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 

MWI5-50 990728-MWl5-50-04 

991029-MWl5-50-25 

000403-MWI5-S0-12S 

000615-MWI5-50-105 

000615-MWl5-50-106 

001005-MW15-50-14 

001221-MWI5-50-105 

001221-MWI5-50-106 

010330-MWI5-50-124 

01 0628-MWI5-50-1 05 

01 0628-MWI5-50-1 06 

011010-MWl5-50-111 

011010-MW15-50-112 

011214-MW1S-50-104 

011214-MWI5-50-105 

02040S-MW1s-s0-119 

020711-MWI5-50-104 

020711-MWI5-50-105 

02092S-MWI5-50-110 

02092S-MW1S-50-111 

021218-MWI5-50-107 

030321-MW1S-50-122 

030603-MWl5-S0-10S 

Reme-dIallnvestigation 
NorthWesl Natural - Gasco Facility 
PorUand, Oregon 

28-Jul-99 

29-Dct-99 

3-Apr-00 

15-Jun-00 

15-Jun-00 

5-0ct-00 

21-Dec-00 

21-Deo-OO 

30-Mar-Ol 

28-Jun-Ol 

28-Jun-Ol 

10-0ct-Ol 

10-0ct-Ol 

14-0eo.Ol 

14-0eo-Ol 

S-Apr-02 

l1-Jul-02 

ll-Jul-02 

25-Sep-02 

2S-Sep-02 

18-0eo-02 

21-Mar-03 

3-Jun-03 

File: 2708 GW Hist Results-OB/03.xls : Summary-ALL thru June_03 

Benzene 

51 .• 

95,100. 

8,910. 

44,800. 

1,490. 

1,210. 

2,700. 

40,200. 

46,200~ 

47,600. 

.2,580. 

'. 3,420. 

• ..w,OOO~ 

:"44,700, 
:""'," '" 
:.;,:64,000.; . 

:::.'" 63,000/ . 

.~ >';57,000,'· . 

:1;::, . :::!~::' 
:",' :49;000,; 

;,;' ;sb,ooo.> 
.... 

.. 48,000 •. 

49,000. 

47000. 

ugA (ppb) 

Toluene Ethyl 
benzene 

200.000 .• 29,000 .• 

863. 223. 

134. 59.2 

620. 222. 

14.3 6.62 

10. 5.16 

5.65 3.83 

356. 176. 

ND>125 ND>125 

270. 133. 

ND>25 ND>25 

ND>25 ND>25 

110. 208. 

109. 210. 

ND>SOO ND>500 

ND>500 ND>500 

NO>1.00 NO>1.00 

NO>250 NO>250 

ND>250 NO>250 

320. 230. 

340. 250. 

450. 260. 

310. ND>250 

300. 260. 

ugA (ppb) 

Xylenes Tolal Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

2,420. 98,606. NO 18,460. 

500. 9.603.2 NO 762. 

2.300. 47,942. 3.31 5,610.74 

42. 1,552.9 267.65 475. 

28.4 1,313.6 253.67 451. 

15.2 2.724.7 74.38 128.96 

1,620. 42,352. 158.93 9.661.17 

1.070. 47.270. 199.16 8.730.64 

1.250. 49,253. 87.50 7.233.48 

ND>75 2,580. 2.61 189. 

ND>75 3.420. 8.33 231. 

960. 45,278. 14.52 3,839.07 

970. 45,989. 48.20 59,423.3 

NO>l,500 64,000. 0.98 4,666.89 

NO>I,500 63,000. 1.27 6,034.96 

NO>2.00 57,000. 9.76 4,353.97 

ND>750 53,500. 15.50 3,796. 

NO>750 58.000. 24.80 5,788. 

1,300. 50.850. 65.30 8,044.4 

1,400. 51,990. 17.20 7,971.3 

1,600. 50,310. 42.00 7,494. 

NO>750 49,310. NO 5.042. 

1300. 48860. NO 3,405. 

-
I 

EPA 9010 EPA 8270 

mgn (ppm) ugA (ppb) 

Tolal 
Cyanide 

0.0052 J 

NO>0.020 

0.15 

0.07 

0.15 

0.11 

1).07 

• 0.1 

ND>0.0400 

NO>0.0400 

·0.072 

0.076 

0.07 

Amenable Total 
Cyanide Phenols 

# # 

NO>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

0.03 

0.06 

0.09 

0.089 

0.105 -
- -
-

NO>0.0200 -
ND>0.0200 -
NO>0.0400 -
NO>0.0400 -
NO>0.0400 -

. 
-

ND>0.040 -
NO>0.040 -
0.15 
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Table 4a • Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample Analytical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' 

Ambient Water Quality Criteria (AWQC) for Surface Water' 

MWl5-66 990728-MWl5-66-03 

990823-MWl5-66-04 

991026-MWl5-66-07 

000329-MW1S-66-108 

00061 S-MW15-66-1 04 

001005-MWl5-66-08 

001221-MWl5-66-104 

010328-MWl5-66-107 

010628-MWl5-66-104 

011010-MW15-66-110 

011213-MWl5-66-103 

020404-MWl5-66-107 

020711-MWl5-66-103 

020925-MWl5-66-109 

021218-MWl5-66-105 

021218-MWl5-66-106 

030318-MW15-66-107 

030603-MW15-66-104 

Remedial Investigation 
Northwest Natural - Gasco F aallty 
Portland, Oregon 

28-Jul-99 

23-Aug-99 

26-0ct-99 

29-Mar-00 

15-Jun-00 

5-0ct-OO 

21-Dec-00 

28-Mar-Ol 

28-Jun-Ol 

10-0ct-Ol 

13-Dec-Ol 

4-Apr-02 

ll-Jul-02 

25-Sep-02 

18-0ec-02 

18-Dec-02 

la-Mar-03 

3-Jun-03 

File: 2708 GW Hist Results-06lO3.x1s ; Summary-ALL thru June_03 

ugn (ppb) 

Benzene Toluene 
Ethyl 

benzene 

51. • 200,000. • 29,000. • 

3.61 ND>O.S ND>0.5 

0.72 ND>O.S ND>O.S 

ND>0.5 ND>O.S ND>O.S 

ND>O.S ND>O.S ND>O.S 

ND>O.S ND>O.S ND>O.S 

ND>O,S ND>0,5 ND>O,S 

ND>O.S ND>0.5 ND>0.5 

ND>0.5 ND>O.S ND>0.5 

1.65 ND>0.500 ND>O.SOO 

ND>O.500 ND>0.500 ND>O.SOO 

ND>0.500 ND>0.500 ND>0.500 

ND>1.00 ND>1.00 .. ND>1.00 

NO>O.SOO ND>0.500 NO>0.500 

ND>0.50 ND>0.50 ND>O.SO 

NO>0.50 NO>0.50 NO>0.50 

NO>0.50 NO>0.50 ND>0.50 

NO>0.50 NO>0.50 NO>0.50 

31. ND>0.50 ND>0.50 

ugn (ppb) 

Xylenes Total Carcinogenic Total 
BTEX PAHs PAHs 

# # # # 

ND>1.S 3.6 0.83 2.5 

ND>1.S 0.7 

ND>l.S ND ND ND 

ND>1.5 ND 3.91 6.93 

ND>l.S ND 12.17 22.1 

ND>1.5 ND 1,36 2,34 

ND>l.S ND 0.8 1.34 

ND>l.S ND 0.61 1.1 

ND>1.50 1.65 ND 0.28 

ND>1.51 ND ND ND 

ND>1.50 ND ND ND 

ND>2.00 ND ND 0.12 

ND>1.50 ND ND NO 

ND>1.5 ND ND ND 

NO>1.5 NO NO ND 

NO>1.5 ND ND ND 

ND>1.5 ND NO 0.1 

ND>1.5 31. 4. 7.41 

EPA9010 EPA 8270 

mgll (ppm) ugn (ppb) 

Total 
Cyanide 

0.00S2 3 

ND>0.020 

ND>0.020 

ND>0.02 

ND>0.02 

-
ND>0.02 

-
ND>0.0400 

NO>0.0400 

ND>0.040 

-

ND>0.040 

Amenable Total 
Cyanide Phenols 

# # 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 

ND>0.02 -
ND>0.02 

-
ND>0.0200 -
ND>0.0400 

NO>0.0400 

ND>0.040 

ND>0.040 

ND>0,08O -
ND>0.040 
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Table 4a - Summary of Historical Analytical Results for Groundwater Samples: BTEX, Total PAHs, Total Phenols, and Cyanide 

December 1995 to Present 

Well HAl Sample AnalYtical Results 
Number Sample Date EPA Method 8020 EPA Method 8270 SIM 

Number' ugn (ppb) ugn (ppb) 

EPA 9010 EPA 8270 

mgll (ppm) ugn (ppb) 

Benzene Toluene Ethyl 
Xylenes Total Carcinogenic Total Total Amenable Total 

benzene BTEX PAHs PAHs Cyanide Cyanide Phenols 

Ambient Water Quality Criteria (AWQC) for Surface Water 2 51, • 200,000, • 29,000, • # # # # 0,0052 ' # 

Tel'l)J>.orary Wen Point Samples 1995 

B-Ol at 23' 950921-8Wl-0l 21-Sep-95 6,9 2,5 3,1 56, 68,5 0,09 175,71 7,8 

8-05 at 28' 950925-BW05-01 29-Sep-95 ND>0,5 0.97 ND>0.5 1.4 2.4 NO 34.78 ND>0.02 

8-08 at 20' 950918-8WB-Ol 18-Sep-95 ND>0,5 0,85 ND>0,5 0,86 1,7 

B-19at 13' 95092o..BWl9-01 20-Sep-95 

B-19 at 28' 950920-BWl9-02 2o..Sep-95 100000, 39,000. 1600. 11,000. 151,600. 0.7 6610.20 

B-21 at 19.5' 951003-BW21-01 3-0ct-95 ND>0,5 1.2 1.9 3.3 6,4 2.93 726.25 

8-31 at 29' 950925-BW31-01 25-SeD-95 3. 1.6 10. 13. 27.6 13,28 694.58 ND>0,02 

~roPunch Sam les 1998 
M-4 at 86' 981014-BW4-01 14-0ct-98 12. ND>0,5 ND>0.5 ND>1,5 12, - -
M-4 at 112' 981014-BW4-02 15-0ct-98 . 1.5 ND>O.S ND>O.S 1,9 3.4 - - -
M-S at 52.S' 98102o..8W5-03 2o..Oct-98 ''':'',.2,100. . 3.7 39. 440 . 2,S82.7 - - - -
M-S at 52.S' DUP 98102o..BW5-04 20-0ct-98 2,O,~0. ND>S,O 37. 470, 2,S07. - - - -
M-S at 72.5' 98102o..BW5-0S 2o..Oct-98 8,5 ND>0,5 1,1 6,2 15.8 - - -
M-S at 9S' 98102o..BW5-06 20-0ct-98 I"';: ,2,000.> 3,2 150, 270. 2,423.2 - - -
M-5 at 122' 98102o..BW5-07 21-0ct-98 5.3 ND>0.5 ND>0,5 ND>1,5 S.3 - - -
M-5 at 152 98102o..BW5-08 21-0ct-98 18. ND>O.S 1.8 ND.>J.S_ 19,8 - - _. 

Note: '-' = Not AnalyZed 
# = Reference Level not established 

BTEX = benzene, toluene, ethyl benzene, and xylenes 
DEQ = Oregon Department of Environmental Quality 
EPA = U.S. Environmental Protection Agency 

PAHs = polynuclear aromatic hydrocarbons 
ppb = parts per billion 

A = this analysis was perfonned on a VOA sample containing headspace 
AWQC = Ambient Water Quality Criteria 
Bold and shaded = Detected above Lowest Identified Reference Level 

1 = Sample number prefix: 2708-

ppm = parts per million 
mgn = milligrams per liter ugn = micrograms per liter 
NO = not detected above detection limit indicated 

2 = Reference Level indicated is the lowest guidance value provided in the Ambient Water Quality Criteria (EPA-822·R·02-047, November 2002) based on Freshwater Chronic (Aquatic life Protection) 
and Fish Consumption (Human Health Protection) 

3 = Reference Level based on Aquatic Fresh Chronic Criteria of AWQC 
4 = Reference Level based on Human Fish Consumption Criteria of AWQC 
S = Due to mislabeling in tha field or due to laboratory misidentification, the laboratory report transposed results lor MW4-35 and MW-4-57 in August 1997, Tables attribute data to the correct well. 
6 = Sample was analyZed outside of recommended holding time 
7 = PAH results for sample 96062o..MWB-56-01 should be considered qualitative due to an apparent error concerning sample identity, 

Remedial Investigation 
Northwest Natural - Gasco Facility 
Portland. Dragon 
File: 2708 GW Hist Results-06/03.xJs : Summary-ALL thru June_03 

# 

, 

164.5 

NO 

I 

-
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Table 4b· Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAH. by EPA M.",od 8270 (SIMI Analytical Results 

ugn (ppb) 

Carcinogenic PAHs Non·earclnogenie PAHs 

~ 

11 
£ 
~ 

l 
£ 
i 
ell 
:j: 

~ 

i 
Ambient Water Quality Criteria (AWQC) for Surface Water Z 

MWl-22 

MW2-32 

9S1207-MWl-22-01 

960319-MWl-22-Ql 

960618-MWl-22-01 

961001-MWt·22'()1 

970225-MWl-22'()1 

97022S-MWl-22-02 

970827 -MWl-22 .. ()1 

970827 -MW1 .. 22-02 

980217-MW1·22-01 

980002-MWI-32-11 

980826-MWl-22-' 0 

981118-MWl-22·15 

990216-MWI-22-012 

990S13-MWl-22-11 

990824-MWl-22-15 

99102B-MWt-22-16 

000330-MWl_22_116 

010329-MWl-22-115 

7-0ec-9S 

19-Mar-96 

18-Jun-96 

1-0ct-D6 

25-Feb-97 

2S-Feb-97 

27-ALlg-97 

27-Aug-97 

17-Feb-98 

2·Jun-S8 

26-Aug-98 

'8-Nov_S8 

1S-Feb_gg 

13-M.Y-99 

24-Aug-99 

26-0ct-99 

30-Mar-OO 

29-Mar-01 

J 

~ 
i 
~ 

1 
0.018' 

2 •. 

1.2 

'0.51 

1.7 

0.36 

0.72 ... 
5.2 

1.1 

15. 

2 •• 

0.'1 

0.72 

0.66 

10.6 

u 

~ 
j 
e 
j 

~ 

i 
g 

j 
0.018' 0.01S' 

:13. 

0.7 

0.33 

1.0 INO' 
0.13 NO' 

. .... 
0.28 

0.14 

0.3. 0.12 

4. 1.4 

SA 2. 

0.8 0.26 

21. 6.7 

37. 12. 

0.7 0.29 

0.85 N0 1 

0.66 0.25 

9.2 7.'7 

I 
~ 

l 
0.018' 

..12. 

0.64 

0.34 

1.3 

0.12 

0.31 ... 
6 .• 

0.76 

18. 

'2. 
0.72 

0.7& 

0.55 

12.1 

1.081 '. ,.,91 ,.021 1.55 
0.21 NO' NO' NO' 

2.31'. '. 1.15' • 1.02 . ' 2.22 

! 

i 
Jl 
~ 
2 
~ 

I 
0.018' 0.018' 

. :;2. 
1:. NO' 

0.68 NO" 

1.3 i:"' 

I 
~ 
"'-
2 
i 

0.018' 

6.3 

0.2' 

0.15 

1.1 NO" NO" 

. 0.3 NO' NO' 

0 •• ' NO' 0.1 

4.8 NO' 2.1 

6.7 NO" 3.2 

0.t8 0.1 0.48 

21. 1.8 '.& 
31. 3.6 16. 

0.78 NO' 0.32 

0.88 NO' 0.32 

0.15 NO>0.1 0.31 

'17.3; '2.08 8.94 

'2.27. 0.2: 0.95 

D.l1·NO· NO' 

3.03 . D •• ' 1.n 

i 
990. J 

11. ... 
7.6 

. 
~ 

~ 

I 
2 •• 

0.33 

0.26 

55. 0.9B 

3.7 NO" 

3.2 NO' 

70. 1.6 

66. NO' 

'.2 NO' 

3.3 0.89 

75. 2.9 

58. NO' 

0.33 NO' 

2.11 NO' 

62.3 1.42 

48.5 0.56 

4.52 NO' 

2.32 0.18 

I 
. • i 
0=;, 
~-
S 

j 
40.000' 

52. 

4.1 

3.3 

9.3 

0.41 

0.21 

15. 0.99 

1.6 NO' 

1.6 0.13 

16. 2.6 

19. 3.8 

1.5 0.58 

14. 13. 

51. 22. 

9.1 0.41 

1.21 0.52 

1.67 0.45 

1 •. 2 11.3 

6.58 1.21 

2.22 NO' 

4.14 2. 

0.28 NO' 

. 
i 
£ 

'<40 .• 

7 •. ... 
2.5 

7. 

1.8 

2.1 

12. 

14. 

2.7 

25. 

55. 

3 .• 

1.91 

2.12 

24.6 

6.51 

2.84 

6.73 

j 
5,300.' 

1 •. 

7.3 

6.2 

59. 

3.1 

2.9 

75. 

73. 

1.4 

'.9 
78. 

51. 

0.'9 

3.26 

64.1 

51.S 

<4.63 

3.35 

. 
.li 
.; 
g. 
Z 

620. ~ 

39. 

90. 

75. 

440. 

'7. ... 
550. 

350. 

'.7 

3.3 

390. 

340. 

0.11 

0.6" 

340. 

186. 

42.4 

3.97 

. 
i 
1 

100. 

15. 

12. 

130. 

6.5 

5.5 

230. 

170. 

3.5 

23. 

240. 

100. 

0.89 

1.37 

204. 

109. 

3.03 

6.78 

0.48 I 0.32 I 45. 0.51 

1 
4,000.' 

.8. . .. 
2.9 .. 
1.9 

2.5 

11. 

12. 

3.2 

29. 

.2. 
3.2 

2.28 

2.34 

24.B 

6.43 

2.29 

8.23 

~ 
.W 

~ 
·Ii 
3 
~ 

93.4 

<4.11 

2.23 

0.2 

0.9' 

2.23 

20. 

2B.l 

..... 8 

93.1 

161.6 

3."2 

l.53 

3.17 

68.19 

8.69 

0.42 

13.36 
9512~MW2-32-01 

960318-MW2-U·Ol 

96DOI8-MW2-32-01 

961001-MW2-32-01 

91022S--MW2·32-Ot 

970827-MW2-32-o1 

980217-MVV2-32--CJl 

980601-MWl-32-05 

98082S-MW2-32-O' 

981117-MVIIZ-32-10 

990216-MVV2-32-008 

99D513-MW2-32-10 

990824-MVIJ2-32-10 

991027-MVIJ2-32-12 

000329-MW2-32-112 

010328~MW2-32-111 

O-Dec-95 I NO ' 
18-Mar-96 NO' 

16-Jun-96 NO • 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

.. .. 
1.5 

0.29 

0.16 

0.23 

0.1 NO' 

0.15 NO' 
NO' INo' INO' INO' 
NO' 0.22 0.09 NO' 

0.57 NO 

0.28 NO 

0.41 NO 

0.93 NO 

0.37 NO 

0.16 

MW2~1 981116-MW2-61-04 

990216-MW2-61-006 

9905'2-MW2-61-05 

990823-MW2-61-07 

991026-MW2-61-04 

0OO328-MW2-61-104 

001004-MW2~1-Q4 

Ot0328-MVIJ2-61~104 

011009-MW2-6'-104 

020'D3-MW2~1-103 

020924-MW2-6t·t03 

010J18-MW'2.fi1-104 

Remediallnvestigatton 
Nor1hwost Nlf1Jral· Gasco Facility 
Por1Iand. Oregon 

1-0ct-96 

25-Feb_97 

27-Au1/"97 

17-Feb-98 

1-Jun-98 

2S-Au1/"98 

NO" NO" NO' 

NO" NO" NO' 

NO" NO" NO' 

NO" NO' NO' 

NO' NO' NO' 

17 -Nov-98 NO " 

1S-Feb.gg NO' 

13-MaY-99 NO • 

24-Aug-99 NO" 

27-0ct-99 NO' 

29-Mar-OO NO" 

28-M.r-01 NO' 

16-Nov_98 NO ' 

16-Feb-99 NO' 

12-Mav-t9 NO ' 

23-Aug-99 NO I 

26-0ct-99 NO" 

28-Mar-DO NO· 

.-Oct-oO NO' 

28-Mar-Ot NO' 

9-0ct.Q1 NO" 

3-Ap'-02 NO' 

24-Sep-02 NO ' 

8.Mar.03 NO' 

0.17 '. o~i NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 
NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 
NO' 

Fil.: 2708 (;oN Hilt R.su/ts.-08lO3.xls ; PAHs-ALlIhIu Jun'_03 

NO" NO' NO" 

NO' NO" NO" 

. 0.1 NO" NO" 

NO" NO" NO" 

NO" NO" NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 
NO' 

0.35 . 0.2" NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 
NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 
NO' 

8.4 0.14 0.16 0.1 

1.1 NO' NO' NO' INO' 

0.1 1.. 0.17 0.19 0.14 NO' 

NO' 

NO' 

4.2 0.11 NO" NO' INo' 
2.2 NO" NO" NO" NO' 

.. ':'0.3' 

NO' 

•. 0.11 NO' 0.'7 

NO' NO' NO' NO' 

NO' 

NO' 

NO' 

NO' 

NO' 

NO' 17.9 0.45 NO' 

NO' 8.08 0.1 NO' 

., ...... 0.,,/ 5.0'/NO' 
NO" NO' NO" 

NO' 1.55 NO' 

NO' NO' NO' 

0.,2/ D.,8/NO' 
NO' NO" NO' 

NO" NO" NO' 

NO' NO" NO' 

NO' NO' NO' NO' NO" NO" 

NO' NO' NO" NO' NO" NO" 

NO' NO' NO" NO' NO' NO' 

NO" NO' NO' NO' NO' NO" 

NO' NO' NO" NO' NO" NO' 

NO' NO' NO' NO' NO" NO" 

NO' NO' NO' NO' NO' NO' 

NO' NO' NO' NO" NO" NO' 

NO' NO' NO' NO" NO" NO' 

NO' NO' NO' NO' NO' NO' 

NO' NO' NO" NO' NO' NO" 

NO' NO' NO· NO' NO' NO' 

0.12 

0.26 

0.23 0.22 0.23 

0.15 NO' NO" 

D.Zl 0.17 NO' 

0.19 NO' NO' 

0.19 NO" NO" 

0.12 NO" 0.11 

NO' NO' INO' 
NO' 0.1 NO" 

O.~Ei NO' NO' 

0.52 NO 

0.82 NO 

0.6' 

NO' INo 
NO" NO 

0.58 NO 

0.2 

1.39 

NO 

0.,5/NO' / 0.11/ 0.5./ 0.11 
NO" NO" NO' NO" NO INo 

0.26 NO' NO' 0.42 NO 

NO' NO" NO" NO' NO NO 

NO' 0.33 NO" NO' NO 

NO· 0.37 NO' NO' NO 

NO" 0.5 .. NO' NO' NO 

NO" NO' NO' NO' NO NO 

NO' NO" NO" NO" NO NO 

NO" NO' NO' NO' NO NO 

NO' NO' NO' NO' NO NO 

NO' NO' NO" NO' NO NO 

NO" NO" NO" NO' NO NO 

NO' NO' NO' NO' NO NO 

NO' NO· NO' NO" NO NO 

NO' NO" NO" NO" NO NO 

Pig., of 10 
Updated'101110lMSM 

HAHN AND ASSOCIATES. INC. 

.. ;,-

~ 
1. 

455. 

'''0. 
112. 

720. 

.7. •.. 
98B. 

7313. 

23. 

209. 

1.'38. 

Sti9. 

11. 

17. 

817. 

425. 

.2. 
51. 

52. 

'.5 
2.0 

,0.5 

1.6 

18. 

5. 

3.2 

7.1 

18.5 

9. 

•. 3 

2.2 

0.3 

0.' 
0.5 



S 
"0 
"0 
CD 
~ 
o 
N 
(,V 
o 
o 
(J) 

'---.--~ .. 

Table 4b· Summary of HIstorIcal Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAH. by EPA Method 8270 (SIM) 
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Table 4b· Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAH. by EPA Method 1270 ISlM) 
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Table 4b· Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 
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Table 4b - Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 
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Table 4b - Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAHs by EPA Method 8270 (SlM) 
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rable 4b· Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAHa by EPA Method 8270 (SlM) 
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Table 4b" Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
Oece mber 1995 to Present 

PAHs by EPA Method 1270 ($1M) 
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Table 4b - Summary of Historical Analytical Results for Groundwater Samples: PAHs by EPA Method 8270 
December 1995 to Present 

PAH. by EPA Melhod 8270 (5IM) 
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Table 4b· Summary of Historical Analytical Results for Groundwater Samples: PAH. by EPA Method 8270 
December 1995 to Present 
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Table 4c - Summary of HIstorical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010, 200.7 and/or 7000 Series 
December 1995 to Present 

Priority POllutaht Metal. by EPA Method. 8010. 1'000, 
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0.14 

0.039 

0.16 

0.045 

0.044 

'0.1 

0:11 
0.011 

0.026 

0.041 

0.11 

ND>O.005 

NO>O.OOS 

0.19 

0.048 

0.0329 

0.0128 

0.008 

0.005 

0.011 

0.008 

NO>0.005 

0.006 

0.005 

NO>O 005 

NO>0.005 

0.0053 

00147 

NO>0.005 

NO>0.005 

NO>0.005 

NO>0.005 

NO>0.OO5 

NO>0.005 

NO>O.005 

NO>O.005 

NO>O.OOS 

NO>0.005 

NO>0.005 

NO>0.0050 

0.052 J 0.005' 

0.23 I NO>0.002 

0.14 

, .0.OB3 

0.081 

0.025 

~ 
0.0032 ' 

] 
~ 

0.0063 ' 

.~ 

0.12 J 

NO>0.002 INO>0.01 0.066 

0.024 

0.17 

0.028 

0.024 

0.16 

0.53 

0.05 

0.13 

ND>0.OO5 

0.086 

0.011 

0.025 

0.52,· 

0.063 

0.0341 

0.0503 

NO>0.005 

0.01 

0.007 

0.008 

NO>O.OOS 

NO>O 005 

00158 

NO>O 005 

ND>O 005 

NO >003 

NO>O 005 

NO>O.Ol 

NO>O.OOS 

NO>0.OO5 

NO>O.OO5 

NO>0.005 

NO>0.01 

0.009 

NO>O.OO5 

NO>O.020 

PIi'i'10/1 
Updated'1011~3 MSM 

1-W1I~ AK) ASSOCIA TES.INC 

0.12 ' 

Om:7 



S 
"0 
"0 
CD 
~ 
o 
N 
(,V 
o ....... 
(J) 

_ ..•• J 

rable 4c. Summary of Historical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010, 200.7 andior 7000 Series 
December 1995 to Present 

Priority Polllltant Meta'. by EPA Method. 6010, 7000, 

and 200 Se" .. 

i z 

t 
"' ~ 

~ 
11 

~ 
.:l I 

Ambianl Water Quality Criteria (AWQC) fOr Surface Water'l 0.6<40 • 

"'W3-28 9S1206-M1foI3..26-01 

9603' 8-MVV3--26-02 

960618-MW3-26-01 

061001 .... W3-28'Ol 

970225-MW3-26-01 

970827-MW3-26-Q1 

9B0218-MW3-28-01 

9a0602-MVv'3-26-D9 

980a26-MVoI3-26-08 

981117 .... W3-26-12 

990216-MWl-26-01Q 

990514-MVV3-26-23 

9908204~26-12 

991027-MW3-2&-14 

OOOJ3O-MWJ..25-"J 

001005-MWJ..26-11 

010328-MW3-26--113 

8-Oec-95 

18-M.r-96 

lB..Jun-96 

l.oct·06 
25-Feb-97 

27-Aug-97 

18-feb·98 

2.Jun-98 

26-Aug-98 

17-Nov-98 

1S-Feb-S9 

14-M.y-99 

24-Aug-99 

27-Oct-99 

3D-M.r-OO 

s.<JcI.QO 

28-M.r-Ol 

." 
~ 

." ~ 
~ 
~ 

i 
is 

0.000144 I 0.00014' 

NO>O.005 

NO>O.OO.5 

·i~).028 

NO>O.OO5 

0.031 

NO>o.OOS 

NO>O.005 

::0.024IND>0.005 

NO>O.005 

0.02 IND>0.005 

NO>O.OO5 

NO>O.OO5 
. :'·0.005 

"'W3-58 951206-MW3-56-01 

0603111-MW3-58.01 
980602-MVv'3-56-14 

i81118-MW3-56·1e 

990514-MWl·58-24 

990824-M'N3-56-16 

99102B-MVv'3-58-17 

000330-MW3·S6-117 

00100S-MVV3-58·13 

010329-MW3-56--116 

020404.oMWJ..56·111 

030319--M'oNJ.56-112 

6-0.0-95 I NO>O.005 I NO>O.005 

19-Mllr-96 ND>O.005 

MW-4-35 951200.MW4·35-01 

96001 a.MW4·35-01 

961001.oMW4·35-01 

070225-MW4·35-01 
080B27.oMW4-57-011 

980217-MW4-35-01 

980001-MW4-35-06 

9B1117-MW4-35-11 

1i190514-MW4-35-21 

991027-MW4-35-13 

00033O-MW4-35-114 

00100s.-MW4-35-10 

01032a.MW4-35-112 

Rernealllinveitigatlon 

2.Jun-98 

18-Nov-98 

14·May.99 

24-Aug-99 

28-Oct·99 

30·Mar-CO 

5-Oct-OO 

29-Mar-Ol 

4-Apr-C2 

19·M.r.(l3 

6-Oec·95 

18·Jun-96 

1..Qct-96 

25-Feb-97 

27-AuQ·Q7 

17-Feb·9B 

1.Jun-98 

17-Nov·98 

14-May...g9 

27..()d·99 

3O-Mar-OO 

s.<JcI.QO 

28-Mar-Ol 

NOI"ItTIII'eli Nal1lal. GalOO FacU, 
POI1Iand, Oregon 
Fie: 27tlB GW ,·h .. Rasub-06lO3.rI. : Me'al.AlL 1iY1J June_03 

NO>O 005 

ND>O.OO5 

NO>0,005 

NO>O.005 

NO>O.005 

0.0084 

NO>O.OO5 INO>O.005 

0.006 

NO>O.OO5 

ND>O.010 INO>O.011 

ND>O.005 

0.007 

0.008 

ND>O.OO5 

ND>O.005 

ND>O.005 

0.005· 

ND>O.OO5 

0.00$ 

.. O.oO!I 
0.0134· 

0.0055 

':0.001 

.~ 

! 
0.00025' I 0.00025' 

NO>O.OO2 

NO>O.002 1 ND>O.002 

ND>O.002 

0.011 J 

NO>O.005 

NO>0.005 
::""0.4. 

O.O~ 

0.011 ' 

NO>O.OOS 

. 0.3~':; .INO>O.005 

:::·0.011 

NO>O.005 

r-!~?,'.O.O.qs 
c· ." ~ ·O~2 :.qNO>O.005 

0.0078 

ND>O.OOS 
.:'.~ ;:O~OO6j" 

.!:!. ~ 1.::: ~:t·:·:tNO>0,005 

NO>O.OO5 

·0.038a 
:::0,0149 

NO>O.005 

ND>O.005 

0.007 

NO>0.005 

0.0064 

NO>0.OO5 

NO>O.005 

0.0.57 

Auty1lca' Results 

mgn(ppm) 

J 
0.009 ' 

NO>O.005 

NO>O.005 
:;.!.! ;··O.4~:~:' 

NO>O.OOS 

I. '. 0.3 •. 
. ..0.009 

0.008 

~p>O.C!Q5 

0:2S:Y 
. -:'0:041::: 

NO>O.005 

.: D.O~:. 

l 
u 

~ 
,; 

0.009' 

··0.28: IND>O.OO5 

NO>o.OO5 

0.0298 
0.0118 

NO>O.005 

NO>O.005 

NO>O.005 

NO>O.005 

0.0276 

0.0025 i 0.0025 J 

I ··:··0.001 :·INO>O.005 

NO>O.005 

N.q?,0,09~ , 

: : .F·,';·O. <.'.' ... ';: .,·.INO>O.OOS 
NO>O.OO~ . 

. '0.099 . NO>O.OOS 

.. :·o.oof 
0.005 

ND>0:.Q9:5 : .. 

·o.oa:'; IND>O.005 

NO>0 .. OO5. 

O~OO9" 
··:·0.0054 

0·,079 : 1 NO>O.005 

NO>O.OO5 NO>o.OOS 

.. 0.0101 

NO>O.OOS 

.• NO>O.005 

ND>O.OOS 

NO>O.OO5 

NO>O.005 

0.0121'· 

O.0064INO>O.005 IND>O.005 IND>O.005 INO>O 005 IND>O 005 
0.0053 NO>0.01 NO>O 005 

ND>O,OO5 NO>0,005 NO>O 005 

ND>O.0030 NO>O.0030 NO>O 0060 I NO>O 0067 

NO>O.005 

ND>O.005 

NO>O.005 

NO>O.005 

0.007 

ND>0.OO5 

NO>O.005 

NO>9:0~5. 
:::O.O~.· 

NO 

···0.111·· 

NO>O.OOS 

NO>O.OOS 

ND>O.005 

NO>O.005 

NO>O.OO5 

NO>O.005 

0.033::; 

NO. 

0.123 
NO>O.005 

NO>O.OOS 

NO>O.OOS 

NO>O.OOS 

NO>O.005 

NO>O.005 

ND>O.OO5 

I ::~ .. :::0.0·18. 
NO. 

·0.0511· 

ND>O.OOS 

; 
~ 

" ~ 000077:1 

NO>O.0002 

~ z 
0.052 :I 0.052' 

0.4 
:·0.39 ; 

·0.15 

.·0.2 

0.05 

0.15 

:0.29 

···0.083 . 

. ::1,2:. : J 0.1:· 

. ::0.15 
I 0.14 

0.21 

··1,$ I· 0.079 
0.085 0.0592 

0.187 

0.191 

0.007 

0.013 

0.017 

NO>O.005 

0.019 

0.0087 

0.0058 

0.0865 

0.0151 INO>O,005 

0.013 

0.0096 

0.0053 IND>O.0056 

ND>O.005 

NO>O.005 

NO>O.005 

NO>O.005 

0.005 

NO>O.005 

NO>0.005 

NO>0.005 

0.037 

~O . 
·0.105. 

NO>O.005 

!l 
~ ~ I 

--"'- -"'-
0.005' 0.0032' 0.0063 ' 0.12' 

0.005 

0.014 

. 0,98" 

0.017 

0.71 

0.04 

0,028 

0.005 

0.61 

0.063 

0.024 

0.064 

N 
~ 

~ 
_6 

0.12' 

0.50 I NO>O.005 

0.0713 

o.06Q6 

0.0304 

NO>O.005 INO>O.005 I NO>O.Ol 0.005 

ND>O.OOS 

NO>O.01 

ND>O 005 

00631 

00129 

0.0072 

0.0082 

NO>O.020 

NO>O.OO5 

0008 

NO>O 005 

ND>O.005 

0.005 

0.067 

NO 

0.252 

NO>O.005 

P"lIe l or7 
Updatl!'d lOil.Q3MSM 

HAHN ANO ASSOCIATES. INC 

0.0119 
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Table 4c· Summary of Historical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010, 200.7 and/or 7000 Series 
December 1995 to Present 

Pr~rlty PoJlvtant Metal. by EPA Method. 6010. 7000. 
.nd 200 Sert •• 

i 
I 
~ 

~ 

! f 
Ambient Water Quality Criteria (AWOC) for Surface Water 21 0.640' 

MW4-S7 95120S-MW4-S7-01 $-0.c-95 

960321-MW4·57-01 21-Mar-96 

96062O-MW4-S7.02 2O-Jun-Q6 

961002-MW4-51-01 2..Qct·96 

970228-MW4-51-01 26-Fe~7 

97082a.MW4-35-01 • 28-Aua-97 

980218-MW4-57-01 18-Feb-98 

980603-MW4-S7·18 3-Jun.98 

981119-MW4-S7·20 19-Nov-98 

990S14-MW4-57·22 14-M8y-G9 

9;0825-MW4-S7·11 2S-Aug-99 

." ~ 
~ 

." j 
0.00014' I 0.00014· 

0.005. 

0.007 

0.013 

'0.01 

0.013 

0.011 

':0.011 

0.01' 

0.01,: 

.0.013 

E :s 
~ 

E 

~ 
u 

0.00025' I 0.00025 1 

NO>0.002 

0.011' 

NO>O.OO5 

NO>O.OOS 

NO>O.OO5 

0.0111 

i 
8 

0.009' 

NO>O.005 

NO>O.OOS 

NO>O.OOS 

Analytical Result. 

mgn(ppm) 

I 
u 

i 
0.009' 

': 
0.0025 ' 

NO>O.OO5 

NO>O.005 

NO>O.OO5 

NO>0.OO5 

NO>o.OOS INo>o.005 I IND>o.OO5 
NO>O.005 NO>O.005 NO>O.005 

NO>O.OOS NO>O.005 NO>0.005 

NO>0.OO5 

NO>O.OO5 

0.0025 J 

~ 
~ 
" 

0.000077 ' 

:= 
" 

0.052' 

NO>O.005 

0.005 

NO>O.OO5 

NO>0.005 

NO>O.005 

NO>o.OOS 

NO>0.005 

NO>0.005 

NO>O.OOS 

NO>O.OO5 

0.052' 0.005' 

! 
0.0032' 

~ 
~ 

0.0063 l 

.~ 

0.12' 

NO>O.005 

ND>O.005 

NO>0.OO5 

NO>0.005 

NC>0.005 

NO>0.005 

NO>0.01 

g 
N 

~ 
~ 

0.12l 

99102a.MW4-57·21 28-Oct·99 

000403-MW4-S7·121 3-Apr-oD 
D~O.131 ~~>O.OO5 .' 

·0.018. . '.0.015 

~~:: I I NO>O.005 I I NO>O.OO5 O~01t/ NO>0.OO5 0.008 NO>O.005 NO>O.OO5 I NO>0.OO5 

NO"O.OOS NO>O.005 NO>o.OOS 

0.012 INO>O.OOS 

NO>O.005 

0.014 I NC>0.005 

0.0259 

MW4-101 

MWS-32 

0010Q6.MW4-57-19 6-Oet-OO 

010329-MW4-51·120 2B-Mar-01 

020405-MW4-S7·117 6-Apr-02 

'''0:0137 

0.0;83 

0.0128 

OlO320-MW4-57-117 2O-Mar-03 ~0.018 

981117-MW4·101..()9 17-Nov-S8 ·':0.007 

9g0215-MW4-101~7 16-Feb-S9 0.01 

990S14-MW4-101·20 1~-Mey.Q9 0.011 

0.011 

0.02 

NO>O.OOS NO>0.005 NO>0.OO5 

NO>0.005 NO>0.01 NO>O.OO5 

NO>O.005 I NO>O.OO5 INO>O.OOs INO>O.005 I NO>0.OO5 INO>o.OO5 

NO>O.OO10 NO>O.OO30 NO>0.0060 

ND>O.OOS INO>O.OOS I I NO>0.005 
NO>O.OOS NO>O.OOS NO>0.005 

NO>O.005 

NC>0.005 

0.0079 I NC>O.OOS 

NC>O.OOSO 

NC>0.OO5 

NO>0.005 

ND>0.005 

NO>O.OOS 

NC>O 005 INO>o.005 

ND>0.020 

NO>O.OO5 

NO>0.03 

G;0514~W4.101·20 14.M.y_99 '0.008 ND>O 005 NO>O.005 NO>O_005 NO>0.005 NO' 

990824-MW4·101-09 24.Aug.99 O.Ot ND>O.OOS NO>O.005 NO>0.005 NO>0.005 NO>O.01 

991027-MW4-101·', 27-Oct.99 0.01 NO>O.OOS ND>O.OOS NO>O.OOS ND>o.ooS ND>Q.005 

0003~W""01-1'1 2&·Mer-OO 0 .. 011 NO>O.OO5 NO>0.OO5 NO>0.005 NO>0.005 0.0069 

00100S-MW4-101-O& S-Oct..oo 0.0068 NO>O.OOS NO>O.OOS NO>0.OO5 NO>O.OOS NO>0.OO5 

010328-MW4·101·110 28-Mar..(ll 0.0151 NO>o.OOS NO>O.OOS NO>O.OOS NO>O.OOS NO>O.OO5 

011009-MW4-'01-103 9-Oct..()1 ND>0.OO5 ND>O.OOS NO>O.OOS NO>O.OOS NO>0.005 NO>O 01 

020404-MW4·101·110 4.Apr·02 0.01. 0.012 NO>0.OO5 NO>0.OO5 ND>0.005 NO>O.015 ND>O.005 NC>O.01 NO>0.005 NO>O.OOS 00054: \'No>o.015 

020924-MW4-1Q1-102 24.Sep-02 0.014 0.018 NO>O.OOS NO>O.OO58 NO>O.01 NO>O.01' ND>O.Ot 0.0073 NO>O.OOS NO>O.OOS6 00077 0.0086 

03031a.MW4-'01-109 18-M.r..()3 0.017 O.OU NO>O.015 NO>O.0030 NO>0.0060 NO>O.0050 NO)oO.020 

95120S-M'NS-32-01 S-Oac-95 ND>O.005 

96Oe2O-MW5-32.o1 2o.Jun-96 NO>O 005 NO>0.OO5 NO>O.OOS ND>0.OO5 

1I61001-M'NS-32'{)1 1-Oct·96 0.008 0.11 NO>0.005 0.22 0.028 INO>0.OO5 

;7022~32"()' 25·Feb-97 NO>0.005 ND>0.OO5 NO>O.~5 ND>O.005 

870827~VV5-32-01 27-Aug-97 NO>O.OOS , ~.01~; 0.012 NO>O.005 

980217-M'NS-32-01 17·Feb-98 NO>0.005 0.022 0.01 ND>O.005 

980602-MW5-32·10 2..Jun-98 ND>0.005 

98111a.MW5-32·13 1a·Nov·98 0.008 

890S14-MW5-32·17 14-May-99 NO>O.OOS 

891027-MW5-32·15 27..Qct·Q9 0.Ot8INO>0.OO5 

00033O-MWS-32-115 3O-Mar-OO NO>0.005 NO>0.OO5 

00100S-M'NS-32-12 5-Oct.oO NO>9.00~ 

010329-M'NS-32·114 29-Mar·01 0.008 

0.022 
'. 0.0119 

NO>O.OO~. .!NO>o.OO5 
0.28 .: NO>O.OO5 

0.014 NO>0.005 

. 0.0458 

':0.081 

.. O.3~ .1 NO>0.OO5 I. 0.071 I NC>O.OO5 
O.01n ND>O.OO5 

.' Q.0533 :'::0.0128 

0.0851 0.0183 

NO>O.OOS 

0.088 

NO>O.OOS 

0.012 

0.011 

0.023 

0.081 

ND>O.OO5 

0.23 

0,0161 

0.0409 

0.0524 

0.0055 

NO>0.005 

0.4 

0.006 

0.024 

0.016 

0.!!4 I NO>O.005 

0.0407 

0.0963 

0.117 

R.-nedlollll..-itigiHon Pagejor7 
Updated 1011Jtl3MSM 

tw-f'.I AND "5S0CIA TES. INC. 

Northw ... NaMat· G.eco F.c::iIit)' 
PotUend,Otep 
Fie: 2708 GW Hilt R""'ta-06I03.m Metal..AI..L ttvu J,...,._03 
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rable 4c • Summary of Historical Analytical Results for Groundwater Sample.: Priority Pollutant Metals by EPA Method. 6010, 200.7 andlor 7000 Seri.s 
December 1995 to Present 

Priority PoUutant Metal. by EPA Method. 8010, 7000, 

and 200 S.rI •• 

I 
I 
~ 

z 

i 
Jl 
~. i 

AmbltnlWater Qu,My Criteria (AWQC) for Surface Water II 0.640' 

M'vV5-100 

.~ 

~ 
0.00014' I 0.00014 4 

NO~O.OO5 

0.007 

ND>O.OOS 

E a 
I 

E 

t 

E 
.~ 
'Ii 
u 
~ 

~ • 
0.00025:1 I 0.00025 J 

E 
.~ 
e 
i5 

0.011' 

NO>O.OO5 

ND>O.005 

NO>0.OO5 

NO>0.OO5 

NO>0.005 

ND>0.OO5 

NO>0.OO5 

ND>O.OOS 

ND>O.OO5 

0.011 :I 

g, 
8 

0.009 :I 

ND>0.OO5 

NO>O.OO5 

NO>O.OOS 

NO>O.OOS 

ND>0.005 

Analytical Results 

mgn(ppm) 

~ 
!l' 
u 
~ 

i 
0.009:1 

~ 

3 
0.0025 ' 

NO>o.OO5 

ND>0.005 

NO>0.OO5 

ND>0.005 

NO>O.OOS 

ND>O.OOS NO>O.OOS 

NO>O.OOS NO>O.005 

NO>o.OOS NO>O.005 

NO>O.Ol NO>O.OOS 

0.0025 :I 

981118-MW5-1()O.14 

090217 oMW'S-1 00-017 

990514-MWS-1()()"18 

990825-MWS-l00-18 

991028-MV\fS..100·,9 

000330-MW>100·119 

OD1005-MW5-100-15 

0010OS-MW5-1()()..18 

010329-MVV5--100-118 

02G405-MW>1()O.114 

020.40s.MW5-1000115 

030319-M1/IIS.10o-114 

18-Nov-98 

17-Feb--99 

H.May-S9 

25-Aug--99 

26-0<1·99 

3OoM.roOD 

S-Oc1.oo 

S-Oc1-40 

29-Mar-Ol 

5-Apr-02 

5oApr-02 

19-Mar-03 

. 0.006 

0.005 
. 0.001 

0.0057 

0.0058 

0.0015 

0.0073 

0.0073 

0.0\1" 

0.005 NO>0.005 !NO>0.OO5 NO>o.OOS NO>0.005 NO>0.OO5 I NO>O.OOS 

M'vV5-175 

MW6032 

M""'" 

MWB·29 

981116-Mws..175-07 

99021s.MW5-175-003 

990512-MW5-175-07 

99OB~175-03 

9S1028-MWS-175-06 

0OO329-MV\fS..175-106 

001004-M'N5-175-0S 

01032a.MVVS-17S-105 

011009-M'vVS-175-102 

020404-MWS-175-105 

02092~W5-175-101 

~P318-MWS-_'7S.105 

9S1207-M'W8-32-Ql 

96031~'MJ..32-01 

960617-MW8--32-01 

96Q93O-M'vW-32-01 

970224-M~·32-01 

970826-M'W8-32-01 

980218-M'vV8-32..()1 

9S1206-M'vV6-61-Ql 

96031O-M'N8-01..Q1 

SEl0620-M\'V6.61..Q1 

981001-M~l-01 

970225-MVW-Ol-Ol 

970828--MVvU-61-01 

9S1207-MW8-29-01 

960321--MW8-2Q...()1 

96061O-MW8-29-02 

981002-MW8-29-01 

D70228-MW8-29-01 

97082a-MW8-2g..Ql 

98021S-Mwa·29-01 

~riVeitig·tiorl 

18-Nov-98 

15-Feb-99 

12-May-G9 

23-Aug-99 

2$00<1·99 

29-Mar..Q0 

4-Oct-OO 

28-Mar-Ol 

9-0<1 .. , 

4--Apr-02 

24-Sep-02 

l8-Mar-03 

7·0ac·g5 I NO>O.OO5 

19-Mar.ge 

17.Jun--96 

3O-Sep-96 

25-Feb-97 

26-Aug-97 

16-Feb-98 

6·0ac·gS 

N~.~,~. 
'0.005, 

NO>0.005 

ND>O.OO5 

~O>0.OO5 

"13.008' 
NO>O.OO5 

0.008 

ND>O.OO5 

0.007 

NO>O.OO$ 

ND>O.010 

0.015 

0.011 

0.011 

0.007 

0.008 

0.007 

0.009 

1844ar·96 I NO>0.OO5 INO>0.OO5 

2O-Jun·ge NO>O.OOS 

'-0<1-00 I I .. ace 
26-Feb-97 .. 0.008 
28-Au---.1l:.97_ __ 0.007 

7-Oac-95 iND>O.OOS IND>0.005 

21-M.r-D6 

2O-Jun-98 

2-()d-98 

26-Feb-97 

28-Aug-97 

l8·Feb·9B 

NO>0.005 

NO>O.OO5 

NO>O,OQ5 

NO>0.OO5 

NO>0.OO5 

NO>O.OOS 

Northw •• Nah6.I· G .. o::. Fadt)' 
Portland. Oregon 
f •• : 2708 GW HI! R.~ d,: Melala-.A.lL ttw June_03 

0.014 

ND>0.002 INO>0.002 

NO>Q,Q02 

NO>O.OO5 

ND>O.OO2 \ND>O.OO2 

NO>0.005 

NO>0.005 

NO>O.0030 

NO>O.OO5 

.0>0.005 

NO>O.OO5 

NO>0.OO5 

NO>O.OO5 
NO>O.OOS 

NO>O.OOS 

NO>0.OO5 

NO>0.OO5 NO>0.005 

ND>0.0030 ND>0.0060 

ND>o.005 I NO>O.005 

ND>O.OOS NO>O.OOS 

NO>O.OO5 ND>o.OOS 

NO>O.OOS 

NO>O.OO5 

ND>0.005 

ND>O.005 

NO>O.005 

NO>0.OO5 I IND>O.OOS 
NO>0.OO5 NO>O.005 

NO>O.OO5 NO>O.OO56 NO>O.01 IND>O.011 

NO>0.OO5 

NO>O.OOS 

NO>0.005 

NO>O.005 

NO>O.OOS 

NO>O.ooS 

NO>O.OOS 

ND>O.Ol 

NO>O.0060 NO>O.015 

NO>O.OOS 

NO>O.OOS 

NO>O.005 

ND>0.OO5 

NO>O,D05 

NO>O.OOS 

ND>O.005 

0.005 

NO>O.OO5 

NO>O.005 

NQ>O.005 
", 0.014 i 

. O.oj{: 

0.008 

NO>O.OO5 

NQ>O.OO5 

NO>O.OO5 

ND>O.005 

ND>O.005 

NO>O.0030 

ND>0.005 

ND>0.005 

ND>O.OO5 

ND>O.OOS 

NO>O.OOS 

NO>O.OOS 

ND>O.005 

NO>O.005 

NO>0.OO5 

0.01 

ND?,O.OQ~ 

.0.018 

0;023'-
0.005 

NO>o.OOS 

NO>O.OOS 

NO>O.OO5 

ND>O.005 

NO>O.OO5 

ND>0.OO5 

NO>O.OOS 

NO>0.005 

NO>O.005 

ND>O.OOS 

NO>O.QOS 

NO>0.OO5 

NO>Q,Q05 

NO>0.005 

ND>0.OO5 

NO>O,OOS 

ND>O.OOS 

NO>O.a05 

'0.011 

ND>O.OOS 

NO>0.OO5 

NO>O.005 

NO>O.OOS 

NO>o.OOS 

ND>O.OOS 

0.0082 

<' 
il 
:lL 

0.000077 ' 

~ 
0.052 :I 

0.008 

NO>O.OOS 

ND>O.005 

NO>0.005 

NO>0.005 

NO>0.005 

NO>0.005 

NO>0.OO5 

NO>0.OO5 

0.052' 

NO>0.OO5 I NO>0.005 

ND>0.005 

NO>O.0050 

NO>O.OO5 

NO>O.005 

NO>0.OO5 

NO>o.OO5 

NO>O.OOS 

ND>0.005 

ND>0.OO5 

NO>Q.OOS 

NO>O.005 

0.0157 

0.0061 INO>O.OOSS 

ND>0.0050 

ND>0.0002 INO>O.OOS 

NO>O.OO5 

NO>0.005 

NO>0.005 

NO>O.OOS 

NO>O.OOS 

NO>O.OOS 

NO>O.OOS 

NO>O.005 

NO>Q,OQ5 

NO>O.OOS 

0.012 

NO>O.0002 0.075' 

0.015 

0.008 

0.008 

0.007 

0.011 

0.009 

l 
--"'-

0.005' 

~ 
0.0032 ' 

§ 

~ 
0.0063 ' 

.~ 

0.12 1 

0.006 

0.028 

0.0091 

NO>O.Ol 

NO>0.005 

NO>0.005 

NO>O.OOS 

NO>0.005 

NO>0.005 

g 
N 
~ 

~ 
6 

0.12 J 

0.0051 lND>0.o05 

0.0072 

NO>O.020 

NO>O.OO5 

NO>O.04 

NO>0.005 

NO>O.Ol 

NO>O.OO5 

NO>O 005 

ND>0.005 

ND>O 005 

NO>O 01 

0.0055 

0015 

ND>O 020 

0.0069 

NO>0.005 IND>O.005 IND>O.01 ND>O 005 

NO>Q,OOS INO>O.005 INO>O.01 

0005 

NO>O 005 

ND>O 005 

NO>O 005 

ND>O.005 

0.005 

0.015 

NO>O.OOS 

0.01 

ND>O.OOS. 

•. 2 

0.3 
0.28 

0.014 

NO>0.OO5 

0.01 

0.2 
0.21 

Page 4of7 
Updated 1011,{lJ MSM 

~.A.NOASSOCIATES,INC 



S 
-0 
-0 
CD 
~ 
o 
N 
(,V 
o 
--'-
CD 

----.......:. 

Table 4c· Summary ot Historical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010, 200.7 andlor 7000 Series 
December 1995 to Present 

Priority Pollvtant Metal' by EPA Method' 6010. 7000. 
and 200 Sarla. 

I z 

1 
$ 

I z 

i 
! 
f 
.l! J 1 

.~ 

~ 
~ 

i 
Ambient Water Quality Criteria (AwaC) for Surface Water 21 0.640 ~ 0.0001-4· 1 0.00014· 

MWS ... 

MW9-29 

951207-MWB--58-01 

960321-MW8-56-01 

960620-MW8-58-01 

981002-M'N8-56-01 

970226-MW8-5s.o1 

97082s.MW8-56-01 

98021s.M~1 

020405-MW8-58-118 

03032O-MW~56-120 

7-0ec-95 NO>0.005 NO>O.OO5 

21-Mar-96 NO>O.OO5 

2O-Jun-98 NO>O.005 

2-Oct-98 ND>O.OO5 

2Ueb--97 ND>0.005 

2a.Aug.97 0.008 

1&-Feb-08 O~OOIJ 
5-Apr-02 0.005 

20-Mat-03 0.012 0.019 

~ec-95 

i E 

! 
0.00025 1 I 0.00025 ' 

ND>O.OO2 INO>O.002 

ND>O.OO2 

E 

J 
0.011' 

:~ ;~ ::~;: ;' 
NO>O.005 

···'·0.02', 

0.011 s 

i 
.3 

o.OOgl 

o.OOg 

0.009. 
. '0.15 ::. 

0.027. 

-,::·:0.07:." 0.026 ' 

ND>0.OO5. NO>O.005 

.0.Oa7 .: 0,017 

! O~0382 0.2.2-4 

NO>O.OO10 ND>0.0011 NO>0.0033 

Analytical Relults 

mgll(ppm) 

l 
u 
~ 

i 
O.OOgl 

: 
0.0025 ' 

ND>O.005 

ND>O.OO5 

ND>O.OO5 

~O~0.OO5 

0.0025 ' 

'" I 
0.000077 1 

NO>0.OOO2 

~ 

~ 

0.052' 

0.035 

0.02 

0.011. 

·0.071 

'0.005 0.052 

ND>0.005 NO>0.005 

NO>0.OO5 0.02 

NO>O.OO5 0.0284 

0.0521 

NO>0.0060 NO>O.0067 ND>O.0050 I ND>O.0056 

. 0_022 

E 
'2 
~ 

0.005' 

j 
0.0032' 

§ 
~ 

0.0063 1 

NO>0.005 INO>0.OO5 {ND>0.01 

.S 
0.121 

0.27 

0.24 

0.1 

0.023 

0.05 

0.007 

0.22 

0.0382' 

__ ..1 

0.121 

ND>0.020 IND>0.022 
Q51205-M1NQ..29-01 

96031B-MW9-29-01 

D6061~W9-29..()1 

ge1001-M'vW-29-01 

970225-M1IJ9..29-01 

970a27-M"N9--29-01 

980217-M'W9-29-01 

•• 0802-"_211-0; 
Q81118-MwtJ.29.Q2 

IHIOS11-MW9-29-03 

991026-M'N9-29-02 

000328-MVv'9-2a-102 

010327-MW9-29·102 

02~03-MW9-2g..101 

039 ... 3J~IN9-2Q..l03 

18-Mar·96 NO>0.005 NO>O.005. 

18..Jun-96 0.01 

ND>O.002 I ND>O.OO2 ND>0.005.. NO>o.005 
. 0.23 0.3 . 

' .. 0.047 0.015 

~D>O.OOS ND>0.0002 ND>o.005.1 INO>O.OOS IND>O.OOS INO>0.01 

0.008 0.18 . ND>0.005 

NO>O.005 

0.097 

0.037 

0.022 

003 

0.25 

MW10-25 

MWl().61 

9S1207-MW1o-25-01 

96032o-MW1D-25-o, 

960617-MW10-25-01 

96093Q-MW10-2S-01 

970224-MW1o-2$-Q1 

970827-MW10-25-01 

98021$-MW10-2S-01 

080601-MW10-25-02 

9S1206-MW10-61-01 

D60321-MW10-61"{)1 

98062O-MW1 0-61..{)1 

D6093O-MW10-61-Dl 

970226-MW'lD-61-01 

97OS28-MW10-81-01 

980218-MW10-61"{)1 

980603-MW10-61·16 

981,17-MW10-81..{)8 

990512-MW1O-al..Q6 

891028-MW10-81..()5 

000329-MW10-61·105 

01101O-MW1G-61-109 

Q20404-MW10-81·109 

02Q924-MW10-61·104 

030319-MW10-61·111 

~1Q.tion 

1-Oct·Q6 NO.~0.005 

2s.Feb-Q7 0.008 

27-Aug-97 NO>O.OOS 

17-Feb--98 0.005 

2..Jun-98 0.01 

1&-Nov-9B 0.009 

11oMay.9g 

26-Oct·99 
28-Mer-OO 

27·Mar-Ol 

3-Apr.Q2 

NO;oO.005 

0.015 

NO>O 005 I NO>0.OO5 
0.012 

NO"O 005 NO"O.OO5 

18oMar·03 I INO>O.010 INO>O.Oll 

1·Dec·95 1 NO>0.005 1 '0.034 1 IND>o.002 

20-Mar-i6 0.035 

11..Jun-98 

30-Sep.96 

25-feb-97 

27-Aug-97 

16-Fe1>98 

1..Jun-98 

6-Oec-95 

21-Mar-96 

2o-Jvn--96 

2-Oct·96 

28-Fab-97 

28-Aug-9l 

18-Feb-98 

)..Jun-D8 

17-Nov·98 

12-May-99 

26-Oct-99 

29-Mar-OO 

10-0ct"{)1 

....","2 
24-Sep..Q2 

19-Mar-03 

0.028 

0.041 

0.00. 

0.045 

0.048 

0.031 

0.005 

NO;>O.OOS 

"0.008 

NO>0.005 

NO>O,OO5 

";IO>~.O.PS 

0.00<1 

o.ooa 
NO>0.OO5 

ND>O.OO.5 

0.007 

0.052 

NO>0.OO5 

0.QQSINO>o.005 
ND>o.005 NO>O.OO56 

NO>O.010 ND>O.011 

Nor1hwHC Nat\I.l- O.sco Facility 
Pore.ncI. Oregon 
Fi,: 270B GW lUI ~.xI.; Metal.-A1.llIW .Iu'Ie_03 

:: 0.021 0.005 
.: 0.035" O.Oog 

0.021 0.019 

0.037 

'0.071. 

.0.018 .. 

0.22 0.0411 

NO>0.005 0.035 

ND>0.OO5 0.018 

NO>O.OO5 0.029 

ND>O.OO5 0.022 

0.014· 

0.04 

0~58 

0.017 

0.16 

NO>0.OO5 INO>0.OO5 INO>0.005 I I~O>O'OO.s 
0.225 0.0308 0.0089 

0.0063 NO>0.005 NO>0.005 NO>0.015 NO>0.005 INO>O.Ol 

NO>O.OOS 

0.158 

O.0065!NO>0.OOS 

NO>0.0050 NO>0.0015 NO"O.0030 NO>0.0060 

0.0051 I 0.11 
0.005 NO>O.002 0.089 

NO>0.OO5 

NO>O.OO5 

NO>O.005 

NO:>O.OOS 

NO>0.005 

NO>O.01 

NO>O.OOS 

NO>0.02 

NO>O.OO5 

ND>0.OO02 0.29 

0.28 0.3 

NO>0.002 

0.043 

0,13 

0.17 

0.38. 

0.18 

··0.12· 

, '0.027 ~~ 

NO>O.OO5 

, •... ,Mi •. 
." 0.018" 

NO>O.005 

0.01 

. O.OOg. 

I' ... · .. 0.0.17.: 
.: ',. 0.028. 

o.ooa~ 

·'0.0144· 

~D?:O.!>015. 

0.18 !No>o.OO5 
. 0.23.' NO>O.005 

0.18' NO>0.OO5 

0.12 

0.009 

NO"0.OO5 

NO>O.005 

ND>0.005 

NO>0.OO5 

NO>0.005 

NO>O.OOS 

0.01" 

NO>O.OO1 

. '·:·0.0321 ·INO>0.OO5 

0.0056 NO>O,OO56 

0.0062 

0.0001 !ND>0.015 

NO>O.01 NO>O.011 

NO>O.0030 

NO>0.05 !NO>0.05 

NO>0.015 

ND>O.OO5 

NO>0.OO5 

NO>O.OOS 

NO>0.OO5 

NO>0.OO5 

NO>0.OO5 

NO>O.005 

NO>0.005 

NO>D.OOS 

NO>o.OOS 

NO>O.OOS jNO>o.01 

NO>O.01 ' 0.0078 

NO>O.0050 ND>0.0067 

0.' 
'·0.43 

0.41 

.0.83 

0.39 

0.20 

0.022 

0.007 

0.011 

0.015 

NO:>O.005 

0.009 

0.009 

0.014 

0.022 

0.0082 

0.0145 

0.37 

.0.53 

0.48 

0.28 

NO>O.003 

0.0293jNo>0.005 

0.0064 NO>O.0056 

ND>O.0050 NO>O.0056 

NO>O 005 INO>O.005 I NO>O.Ol 

0.14 

NO>O 005 

0.0914 

0.0198 

NO>O 020 

0.95 

0.8a 

0.48 

1.> 
1.3 

3. 

1.0 

0.025 

0.008 

0.012 

0.015 

ND;oO.005 

0.015 

0.1' 

0.0414 

0.0186 

NO>O.005 

0.0339INo>o.OO5 

0.014 0.0061 

ND:>0.020 
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Table 4c· Summary of Historical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010, 200.7 andlor 7000 Series 
December 1995 to Present 

Prlortty Pollutant Metals by EPA Methoda 8010, 7000, 
snd 200 Serle. 

i 
I 
~ 

z 

1 
;i I .~ 

s 
Ambient Water Quality Criteria (AWQC) lor Surface Water'l 0.540' 0.00014' I 0.00014' 

MW11-32 

MW12-36 

MWl3-30 

MW13-61 

MW14-110 

8S1207-MW11-32-Ql 

ge032O-MW11-32~1 

960S30-MW11-32-01 

96Q93O-MW11-32-o2 

970224-MW11-32-o1 

970828-MW11-32-01 

98021$-MW11-32-01 

951207-MW12-~1 

991028-MW12-J6..18 

980602-MW13-3G-12 

980826-MW13-3G-11 

981119-MW13-30-19 

D90217-MW13-30-014 

990S13-MW13-3G-13 

991028-MW1:>30-20 

00040J..MW13-3~120 

00100S-MW13-30-18 

010329-MW13-30-119 

02040S-MW13-3~"6 

030319-MW13-30-115 

ge0602~W13-e1-13 

118082S-MW13-e1-03 

981116-MW13-61-03 

91K1512-MW13-81-04 

9D1026-MW13-81-OJ 

000328-MW13-61-104 

001004-MW13-61-03 

010327-MW13-81-103 

011 009-MW13-61., oe 
Q20403-MW13-81-102 

Q20924-MW13-81·106 

030J17-MW1J.81-101 

981116-MW,4a110-06 

99Q216-MW14·"0-00S 

990512-MW14·11().()9 

990823-MW14a110-06 

991027~14al10-0g 

991021-MW14-110-10 

000329-MW14-11~109 

000329-MW14-110-110 

00061S-MW14-110-102 

001005-MW14-110-06 

00122o...MW14-11G-102 

010328-MW14-110-10S 

011009-MW14-11G-105 

011213-MW14-11G-101 

Q20404-MW14-110-108 

020711..MW14-110-101 

020924-MW14-110-105 

021217-MW14-11G-l02 

030318-MWl4-11G-l08 

030602-MW14-110-101 

Remaallll.--itlgation 

7-ooc-QS I NO>O.OOS I NO>O.OO5 

2!Hdar-96 

30-Sep-98 

3O-Sep..96 

25-Feb-97 

26-Aug-97 

16-Feb-9S 

ND>O.OO5 

ND>O.OOS 

ND>0.005 

NO>O.OO5 

ND>O.005 

NO>0.OO5 

7-Dec-9S IND>o.OO5 I NO>O.OO5 

28-Oct-99 ND>O.OO5 

2..Jun-98 .: 0'9'~ 
28-Aug-98 . 0.~1S 

19-Nov-98 0.008 

11-Fab-99 0.014 

13-May-99 0.009 

28-Oct-99 

3-Ap,-OQ 

5-Oc\.(J0 

2&-Mar-Ol 

5-Apr-02 

lB-Mar-03 

0.01 

0.013 

0,0104 

0.013 

0.0108 

NO>O 010 

0.007 

0.001 

0.008 

0.008 

0.007 

0.009 

0.009 

0.01 

ND>O.OO5 

0.008 

0.013 

0,019 

0,006 

2-Juo-98 

25-Aug-98 

16-Nov-98 

12-May-99' 

28-Oct-99 

28-Mar-OO 

4-0ct-OO 

27-Mar-Ol 

G-Oct.(J1 

l-Apr-02 

24-Sap~ 

17-Mar-03 

0.0121 ND>O.0058 

ND>O.010 

16-Nov-98 

16-Fab-99 

12-May-89 

23-Aug-99 

27-Oct-99 

27-Oc1·" 
29-Mar-OO 

29-Mar-OO 

15-Jun-OO 

5-Oc\-OQ 

20-0ac-aO 

28-Mar-01 

G-Oct.(J1 

13-0ec-Ol 

....... -<l2 

11..Jul-02 

24-Sep-02 

17-Dee..Q2 

18-Mer-03 

2-Jun-C3 

0.012 

0.013 

0.011 

0.011 

0.01, 

0.01. 

0.012 

'0,012 

0.014 
0_041-

0.013 

0.013 

NO>O.OOS 

Nq>O.01 

0.01 

NO>0.005 

NO>O.005 

0.011 

0.011 

0.038 

0.018 

0.023 

Northqt;t Nabla! - Ga.c:o Feci.)' 
Portland. 0Ng0n 
File: 27C8 OW t-bt Ra~.xIs : Metal ... AU. thru June_OJ 

E 

! 
§ 
.~ 

~ 

E· 

~ 
o 

i 
; 

0.00025:1 I 0.00025' 

NO>O.OO2 I NO>0.002 

NO>O.002 

NO>0.OO5 

NO>O.005 

NO>O.OO2 I NO>O.OO2 

E 

1 
0.011 :I 

NO>O.OO5 

NO>O.005 

NO>O.OO5 

NO>O.OO5 

NO>O.OO5 

NO>0.OO5 

NO>O.OO5 

ND>O.OOS 

0.0084 

0.00' 
NO>O.005 

NO>O.005 

NO>O.005 

NO>O.OOS 

0.011 J 

~ 
Il 

O.OOSl 

NO>O.OOS 

NO>0.OO5 

ND>O,OOS 

ND>O.OOS 

NO>O.OOS 

NO>0.005 

ND>O.005 

0.008 

NO>0.005 

0.007 

NO>O.OOS 

ND>O.005 

NO>O.OO5 

NO>O.OOS 

An.lytlc.1 Result. 

mg/llppm) 

I 
o 

0.009' 

" ; 
0.0025 s 

NO>O.005 

NO>O.OOS 

NO>O.OO5 

NO>O.005 

NO>0.OO5 

NO>0.OO5 

NO>o.005 

NO>0.OO5 

NO>O.OO5 

NO>O.OO5 

NO>O.OOS 

NO>Q.005 

NO>O.OO5 

NO>0.OO5 

NO~.OO5 ND>O.005 NO>O.OO5 

NO>O.OO5 NO>0.005 NO>Q,005 

NO>0.OO5 NO>0.005 NO>O.005 

NO>0.OO5 NO>O.01 ND>0.OO5 

" ~ 

1 
" 

0.0025' 

NO>0.OO5 NO>O.OO5 NO>O.005 ND>O.005 NO>O.OO5 I NO>O.OO5 

NO>O.0030 

·0.013 

0.036 

0.018 

o.OGe 
0.01 

0.0095 

0.017· 

NO>O.OO30 

0.015 

0.027 

0.02 

0.028 

0.0068 

0.0074 

0.0155 

NO>0.0060 

NO>O.OOS 

ND>O.005 

ND>O.005 

NO>O.OO5 

NO>0.OO5 

NO>Q.005 

NO>0.005 

0.0146 0.0147 ND>0.005 

NO>O.OO5 NO>O.005 NO>O.005 

NO>O.OO5 ND>O.OOS NO>O.OO5 

NO>O.OO5 NO>O.0056 NO>0.01 ND>O.011 NO>O.01 

NO>0.015 NO>0.0030 NO>O.0060 

NO>O.OO5 

NO>O.OOS 

NO>o.005 

NO>O.OO5 

NO>0.D05 

NO>O.005 

NO>O.OO5 

NO>O.OO5 

NO>O.OO5 

NO>0.005 

NO>0.OO5 

NO>O.OOS 

NO>O.OO5 

NO>O.OOS 

NO>O.OOS 

NO>O.OOS 

NO>O.005 

ND>O.OOS 

ND>0.005 

ND>0.OO5 

NO>o.005 

NO>O.OO5 

NO>O.005 

NO>D.DD5 

NO>O.OOS 

NO>o.OOS 

NO>O.OOS 

NO>O.OO5 NO>0.OO5 ND>O.OOS 

NO>O.005 NO>0.OO5 NO>O.005 

NQ>O.OO$ NO>O.OO5 NO>O.005 

NO>O.005 ND>0.OO5 ND>O.OOS 

NO>O.OO5 NO>O.OOS NO>O.OO5 

NO>o.OO5 NO>O.OO5 NO>O.OOS 

NO>O.OOS NO>O.OO5 NO>O.005 

NO>0.005 NO>0.01 NO>O.01 

NO>0.005 NO>0.OO5 ND>Q,OQ5 

NO>O.015 NO>O.0030 NO>O.0060 

,0.0082 

NO>O.OO10 NO>O.OO11 ND>0.0030 NO>0.OO33 NO>O.0060 INO>O.0067 

~ 

~ 
.. 
~ 

0.000077 l 0.052 ' 

NO>0.0002 1 NO>0.005 

NO>O.OOS 

ND>O.OOS 

NO>O.OOS 

NO>0.OO5 

NO>0.OO5 

NO>O.OOS 

NO>O.0002 I NO>0.OO5 

0.0082 

0.008 

NO>O.OO5 

NO>Q.005 

NO>O.OO5 

NO>O.OO5 

NO>0.OO5 

NO>O,005 

NO>0.005 

NO>O.OO5 

0.052' 

ND>0.OO5 1 NO>0.005 

NO>O.0050 

0.017 

003 

0.019 

0.054 

0012 

0.0116 

0.0192 

0.0129 

NO>O.OOS 

NO>O.OOS 

NO>O.OO5 /ND>O.0056 

NO>0.0050 

NO>0.005 

NO>O.005 

NO>O.005 

NO>O.OO5 

NO>0.005 

ND>O.005 

NO>0.005 

NO>0.OO5 

NO>O.OOS 

NO>O.OOS 

NO>0.005 

NO>O.005 

NO>O.OOS 

NO>0.005 

NO>O.OO5 

ND>O.OO5 

NO>O.OOS 

NO>O.005 

NO>O.OO50 

NO>0.0050 INO>0.0056 

E 
.~ 
0; l 

0.005) 0.0032 J 

~ 
Z 

0.0063 J 

.~ 

0.12' 0.12' 

NO>0.005 INO>0.005 INO>0.01 NO>0.005 

ND>0.005 INO>0.005 INO>O.Ol 

0.008 

NO>O.OO5 

NO>O.005 

ND>O 005 

NO>O.005 

NO>O.005 

0.012 

0.011 

0.008 

0.014 

NO>0.005 

0.018 

NO>O.OOS 

NO>0.OO5 

ND>O.OOS 

NO>O.OOS 

NO>OOO5 

001221 NO>O 005 

NO>O.020 

0028 

0042 

0044 

0038 

0017 

00144 

00253 

0.0166 

0.0117 

00479 

0.011 

NO>0.020 

NO>O.005 

0.03 

NO>O.OO5 

NO>O.Ol 

NO>0.OO5 

0.0054 

0.0107 

NO>O.OOS 

NO>O.005 

NO>O.OOS 

NO>O.OOS 

NO>0.OO5 

NO>O.Ol 

0.0104 

ND>O.OOS 

NO>0.005 

NO>O.005 

ND>o.OOS 

NO>0.020 

0.0079 

NO>O 020 I NO>O 022 
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Table 4c. Summary of Historical Analytical Results for Groundwater Samples: Priority Pollutant Metals by EPA Methods 6010.200.7 and/or 7000 Series 
December 1995 to Present 

Priority Pollutant Met.l, by EPA MelhOd, G010, 7000, 

and 200 Serle, 

I z 

~ 

i 
z 

i 
.:! 
;i 

~ 
f 

--'" 1 
Ambient Water Quality Criteria (AWQC) lor Surface Water 'I 0.6.0' 

MW1S-S0 

MW1~6 

Sl9102&.MW15-5().25 

OCJO.403-MW15-S0-12S 

000615-MW15-S0-105 

oooe 15-MW1 5-50-1 De 

001005-MW1S-So.1. 

001221-MW15-5Q..10S 

001221-MW15-So.106 

01033O-MW15--60-12. 

01101O-MW1S.So-11 , 

01101o.MW1s..5Q.112 

01121.-MW15-5o.1o.. 

01121-4-MW15--50-10S 

02040S-MW1$..50-119 

020711-MW1S-SO-104 

020711-MWl5-S0-104 

020925--MW1$.SO-l10 

020925-MW15-So-111 

021218-MW15-S0-107 

030321-MW1S-50-122 

030C50J.MW'5-SO-'OS 
991026-MW1S-66-07 

000329-MW15-66--108 

000615-MW1S-50-104 

00loos.MW15-46-Oa 

001221-MW15-66-104 

01032B-MW15-66-107 

01101O-MWl5-66·110 

011213-MW1S-68-1Q3 

020404-MW15-66-107 

020711-MWl5-66-103 

020925-MWl5-66·109 

02121a..MW1~105 

021218-MWl5-66-106 

03031B-MW15-66-107 

030603-MW15-66-104 

29-Oct·&& 

~f-OO 

,S--lun-OO 

15-Jun-OO 

!X)ct.()0 

21-Oec-OO 

21-Oeo-OO 

3O-Mar-Ol 

l0-0ct-Ol 

1~·01 

14--0e0-01 

14-Oe0-01 

s.Apr-02 

11.Jul-02 

11-Jul-02 

2S.Sep~2 

2s.sep-02 

18·0ec..()2 

21-Ma,-03 

l-Jun'()3 

26-Oct-99 

2i-Ma,-OO 

l5-Jun-.OO 

!X)ct.()0 

21-oac-OO 

28-M.r·Ol 

1()..()ct-01 

13-0ac-01 

4.Apr..Q4: 

11.Jul-02 

2S.Sap~ 

18-0ec-02 

18-0e0-02 

18-Mar-03 

3.Jun-03 

Note: • = Reference Levels not established 

.~ 

j 
0.00014· I 0.000144 

. ·0.011 

NO>0.OO5 

NO>O.OOS 

NO>o.005 

';~:oOU 
0.013~ 
0.~~23 

0.0088 

NO>O.005 

NO>0.005 

NO>0.01 

NO>O.Ol 

0.008 

0.0118 

0.0103 

0.018 0.017 

0.021 

0.012!No>0.OO56 

0.012 0.017 

0.018 0.029 
NO>0.005 

NO>O.OOS 

0.005 

NO>0.005 

0.0055 

0.0066 

ND>O.005 

NO>O.01 

ND>Q.OO5 

NO>O.ooS 

NO>O.OOS 

NO>0.005 

NO>O.005 

NO>O.010 

NO>0.010 

Bold and shaded" Oetected above Ioweatldantified Reference Lavel 

1 .. Simple number prerlX: 2708-

E 

'" t i 
I 
" 1 
.0 

--"'-
0.00025 ~ I 0.00025 ~ 

.; 
~ 
0.011 ' 

ND>O.005 

ND>0.005 

0,006 

NO>O.005 

i{~j:!:O.91;8 
:' 0.0585 

110.0193 

0.0058 

NO>0.OO15 

NO>O.0015 

NO>0.OO5 

NO>0.005 

NO>O.005 

0.0187 

0.018& 

·1 
II 
" 
I 

--.i5. 
0.011 ' 

0.017 I ND>O 0056 

O.o.tS 

Analytical Re.ult. 

mgn(ppm, 

~ 

~ 
_0 

0.009' 

ND>O.OOS 

NO>O.OOS 

NO>O.005 

ND>Q,OOS 

0.0081 

0.0188 

0,0<02 

NO>O.OOS 

0.0063 

0.""" 
ND>O.OOS 

NO>0.oo5 

ND>0.005 

0.0183 

O.021i 

! 
i 
A 

0.009' 

0.027 INO>0.011 

0.062 

-: 
0.0025 J 

NO>0.OO5 

NO>0.OO5 

NO>O.OOS 

ND>O.005 

ND>O.OOS 
··.:·0.~1~·:·~ 

:':'0.1)",25 

ND>O.OOS 

ND>O.OOS 

NO>Q,OOS 

NO>0.OO5 

NO>0.OO5 

NO>O.OOS 

0.0154 

0.0188 

0.018 

0.05 

0.0025 J 

0.008 

NO>0.OO5 INO>O.OO56 I 0.0078INO>O.0056 I O.COil INO>O.OO56 
0.0056 NO>0.0011 0.011 NO>O.OO33 0.0095 0.0081 

NO>0.001O NO>0.0011 NO>0.0030 NO>0.0033 NO>O.OOBO NO>0.0067 

NO>O.OOS ND>O.OOS NO>O.OOS 

NO>0.005 NO>0.OO5 NO>O.OO5 

NO>0.OO5 NO>O.OOS NO>O.OO5 

NO>0.005 NO>0.OO5 ND>0.OO5 

NO>O.005 NO>O.005 NO>0.005 

NO>O.OOS NO>0.005 NO>O.005 

NO>O.OO15 

NO>0.005 

NO>O.OOS 

NO>O.OO5 

ND>0.005 

NO>O.OOS 

NO>O.005 

NO>0.015 

NO>O.OO10 

NO>O.OOl 

NO>0.OO5 

NO>O.OOS 

NO>O.005 

NO>O.Ol 

NO>O.OOS 

NO>0.OO5 

NO>0.0030 

ND>O.OOJO 

NO>O.OO5 

NO>O.OOS 

NO>D.OO5 

NO>O.005 

NO>0.01 

NO>0.OO5 

NO>0.OO5 

NO>0.D060 

NO>O.0060 

>:-
~ 
~ 

0.000077 ' 

EPA::I u.s. Environmental Protection Agency 
mgll= milUgrams/liter 

NO = not detected above detection limit indicated 
OOEQ = Oregon Oepertment of Environmental Quality 

.. 
~ 

0.052' 

NO>o.OOS 

NO>o.OO5 

0.006. 

NO>O.OOS 

0.0121 

0.042 

0.0308 

0.0067 

NO>O.003 

NO>O.OOJ 

NO>0.OO5 

0.011 

ND>0.OO5 

0.0228 

0.0232 

0.052 s 

0.025 NO:>O.OO56 

0.081 

0.013 NO>0.0056 

0.016 NO>O.OOS6 

NO:>0.a.Q50 NO>0.0056 

NO:>O.005 

NO>O.005 

ND>O.ooS 

NO>0.005 

ND>0.005 

ND>O.005 

ND>O.003 

NO>O.OO5 

NO>0.005 

ND>O.OOS 

NO>O.005 

NO>0.OO5 

NO>0.OO5 

NO>O.OO50 

NO>0.0050 

2" Referene. Levellncllcatecl is the lowest guldanco vatue provided in the Ambient Watar Quafity Criteria (EPA-822-R-02-G47. November 2002) based on Freshwater Chronic (Aquatic Ute Protection, and Fish Consumption (Human Heann Protection) 
3 .. R.ference level based on Aquatic Fresh Chronic Criteria 01 AWQC 
4" Referenca Level based on Human Fish Consumption Crlte"a of AWQC 

5" Oua to mislabeling in the field or due 10 laboratory misidentification, the laboratory r.port transposed results for MW4·35 and MW-4-S7 In August 1997. rable. attribute data to tha correct well. 

RemidallnwiiijitiCin 
Nor1hw • .c Nl!ual - G .. CD f.a:lty 
PorU,ncI, Oregon 
Fie: 2708 GW Hit R.suIta-06/t)3.x1,: M.laI .. ALL thru Jww_03 

~ 

~ ~ 
0.005 ' 0.0032 s 

ppm .. parts par million 

E 

~ 
0.0063 ' 

.~ 

0.12' 

0.0096 

0.0202 

0.0359 

0.0388 

0.0393 

0.0272 

0.0334 

0,0107 

0.0646 

0.0412 

0.0089 

0.0084 

0.0204 

0.0929 

O.Oi72 

0.092 

0.24 

--.J 

g 

" ~ 
I 

....is.. 
0.12 ) 

0.0068 

0034 0.012 

0.04$ 0056 

NO>O 020 1 NO>O.022 

NO>O.OOS 

NO>0.005 

0.0214 

NO>O.OOS 

NO>0.005 

NO>0.005 

0.0241 

0.0133 

NO>O.OO5 

NO>O.005 

NO>O.OOS 

0.0057 

NO>O.OO5 

NO>0.020 

NO>0.020 

Pigefon 
Updllt,d.1011oU3MSM 

HAI-fiANOASSOCIATES INC 
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Table 5 
Summary of DNAPL Recovery Volume: Well MW-6-32 

NW Natural- Gasco facility 
7900 NW SI. Helens Road 
Portland, Oregon 

Date Pumping Pumping 
Cycles Per Day Duration per 

Cycle 
(minutes) 

08-Aug-00 6 10 -----

15-Aug-OO 3 5 

22-Aug-OO 3 5 

IS-Sep-OO 3 5 

22-Sep-OO 3 5 

1S-0ct-00 3 5 

16-Nov-OO 3 5 

28-Nov-DO 3 5 

20-Dee-DO 3 5 

18-Jan-Ol 3 5 

OS-feb-Ol 3 5 

20-feb-Ol 3 5 

30-Mar-Ol 3 5 

12-Jun-Ol 3 5 

28-Jun-Ol 6 10 

12-Jul-Ol 6 10 

22-Aug-Ol 6 10 

28-Sep-Ol 6 10 

14-Nov-Ol 6 10 

17-Jan-02 6 10 

2S-feb-02 6 10 

IS-Mar-02 6 10 

12-Apr-02 6 10 

20-May-02 6 10 

12-Jul-02 -6 10 

23-Aug-02 6 10 

13-Sep-02 6 10 

01-Nov-02 6 10 

16-0ec-02 6 10 

28-Jan-03 6 ~~--
0S-feb-03 6 10 

l1-Mar-03 6 1~_ 

04-Apr-03 6 10 

12-May-03 6 10 

0S-Ju1-03 6 10 

Cumulative 
Pumping Time 

(hours) 

1.0 

3.4 

5.1 

12.2 

13.6 

18.5 

25.0 

27.7 

32.8 

39.0 

43.2 

44.6 

45.3 

70.6 

89.5 

106.0 

143.9 

188.3 

237.5 

341.3 

472.4 

491.8 

525.31 

574.12 

683.6 

735.5 

760.7 

812.6 

855.0 

1035.0 --
1057.8 

1063.3 

1094.1 

1144.6 

1205.1 

Notes: AST = above-ground storage tank 
DNAPL: dense non-aqueous phase liquid 

HAl Project No. 2708 

Measured Measured Volume of Estimated Volume of 
Volume of Liquid Recovered DNAPL Recovered' 

Liquid within (gallons) (gallons) 
AST 

(gallons) 

6 6 5 .-

20 20 16 

30 30 24 

50 50 40 

55 55 44 

70 70 56 

100 100 80 

110 110 88 

130 130 104 

160 160 128 

165 165 132 

165 165 132 

165 165 132 

175 175 140 

180 180 162 

187 187 168 

193 193 174 

220 220 198 ---
230 230 207 

275 275 248 

348 348 313 

370 370 333 

372 372 333 -----

375 375 333 

411 411 370 

425 425 383 

425 425 383 

438 438 394 

445 445 401 --
467 2 467 420 

6 473 426 

8 475 428 '--
11 478 430 

19 466 437 

26 495 446 

1 = DNAPL content is estimated to be 80% of the tolalliquid volume through June 12. 2001. and 90% subsequent to June 12. 2001 

based on direct observations of recovered liquids during pumping. 
2 =' Contents of tank removed and transported off-s~e fot nH"efining by Spencer Environmental. Inc .• Portland. Oregon 

Updated: 9fl9/03 RBE 
File: MW-6 DNAPL Rcvry_thru 12_02 

IWIN AND ASSOCIATES. INC. 
Page lofl 

Koppers023022 



TABLE 6 - Climatological Summary, On-Site Weather Station 

Month-Year Days Data Set 
Recorded Completeness 

Dec-01 17 55% 

Jan-02 31 100% 
-.-.--.---

Feb-02 0 0% _. 
Mar-02 5 16% 

Apr-02 15 50% 

May-02 31 100% 

Jun-02 30 100% 

Jul-02 31 100% 

Aug-02 31 100% 

Sep-02 30 100% 

Oct-02 31 100% 

Nov-02 0 0% 

Dec-02 0 0% 

Jan-03 19 61% 

Feb-03 28 100% 

Mar-03 11 35% 

Apr-03 0 0% 

May-03 20 67% 

Jun-03 30 100% 

NOTE: mph = miles per hour 

Remedial Investigation 
NW Natural, Gasca Site 
Portland, Oregon 
File: 2708 Weather Summary Table.xls 

Measurement Rain 
Frequency 

(minutes) {inches) 

30 2.13 

30 5.64 
--- -- .. _ .. --- -. 

- -
._.--. 

60 1.13 
----

60 0.59 

60 2.04 

60 1.71 

60 0.20 

60 0.04 
-

60 0.79 

60 0.40 

- -

- -

60 6.30 
. ___ -_" __ .. 0_._. 

60 2.98 
.. 

60 2.62 
... 

- -

60 0.87 

60 0.13 

Average Dominant 
Wind Speed Wind Direction 

(mph) 

4.5 N 

2.7 N 

- -
4.2 N 

2.7 SE 

2.7 S 

3.0 S 

3.5 S 

3.3 S 

2.6 SE 

1.7 SE 

- -
- -

2.5 N 

2.7 N 

2.0 N 

- -
2.5 S 

3.4 S 

Page 1 of 1 
Updated: 10/17/03 rbe 

HAHN AND ASSOCIATES, INC. 

Koppers023023 
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APPENDIX B 

Analytical Results and Chain-of-Custody Documentation: 
March 2003 Groundwater Monitoring Event 
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HAHN AND ASSOCIATES, INC. 
Environmental Management 

434 NW Sixth Avenue, Suite 203 • Portland OR 97209 

(503) 796-0717· Fax (503) 227·2209 

Project Manager 

Project No. 

Project Name 

Collected by 

Laboratory 

Lab Project No. 

Liquid with Sediment Sample 

Test Filtrate Test Sediment 

Multi·Phase Sample 

Test One (which) Test Separately 

CHAIN OF CUSTODY 

Chain of Custody No. ____ _ 

Samples Received at 4C CY or N} -----1 

Test Both Appropriate Containen Used <Y or:..,:N.:.:.I ____ 
1 

Provide Verbal Results IT or N) 

Shake Provide Preliminary Fax Results YES 

Sample Number Prefix: Analyses to be Perfonned 

110~-r.rsO>n-

Remarks 

-------··---~------i· -

I i I ____ · __ ~I--·--+---+--------~~-~--IL--+--~--L-.~--~--~~L-~--+~-----.--
! I 

iii I I 
i I I I T 
I i I I liT 

HeJ!nquished by" Company Datd Time Recei'fed by' Company 
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Environmental Services Laboratory, Inc. 
17400 SW Upper Boones Ferry Road, Suite 270· Portland, OR 97224. (503) 670-8520 

March 31, 2003 

Mr. Rob Ede 
Hahn and Associates 
434 NW Sixth Avenue 
Suite 203 

Portland, OR 97209 

TEL: (503)796-0717 

FAX (503) 227-2209 

RE: 2708-301NW NATURAL/GASCO 

Dear Mr. Rob Ede: 
Order No.: 0303172 

Environmental Services Laboratory received 2 samples on 3/19/03 for the analyses presented in 
the following report. 

There were no analytical problems encountered and all associated QC data met EPA or 
laboratory specifications except where noted in a Case Narrative. Results apply only to the 
samples analyzed. Reproduction of this report is permitted only in its entirety, without the 
written approval of the laboratory. The following checked data sections are included in this 
report, and numbered to indicate total pages contained within each report section. 

/Base Sample Report /Method Blank Report .LSample Duplicate Report /Matrix 
SpikelMatrix Spike Duplicate Report /Laboratory Control Spike/Spike Duplicate Report 
..; Continuing Calibration Verification Report /Initial Calibration Verification Report 

If you have any questions regarding these tests results, please feel free to call. 

~ ,~ 
I~\ J~~ 

Proj ect Manager Technical Review 

ANALYTICAL SERVICES FOR THE ENVIRONMENT 

E S L 
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Environmental Services Laboratory Date: 3J-Mar-03 

CLIENT: Hahn and Associates Client Sample ID: 100 

Lab Order: 0303172 Tag Number: 

Project: 2708-301NW NATURAUGASCO Collection Date: 3117/03 

LabID: 0303172-01A Matrix: AQUEOUS 

Analyses Result Limit Qual Units DF Date Analyzed 

GAS/BTEX, AQUEOUS 8015/8021 Analyst: tin 
Benzene NO 0.50 Ilg/L 3124/03 

Ethylbenzene NO 0.50 Ilg/L 3124/03 

Toluene NO 0.50 Ilg/L 3124/03 

Xylenes, Total NO 1.5 Ilg/L 3124/03 
Surr: Trifluorotoluene 104 70-130 %REC 3/24/03 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quanti tat ion limits 

B - Analyte detected in the associated Method Blank 

• - Value exceeds Maximum Contaminant Level 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

E - Value above quantitation range 

Page 1 of2 
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Environmental Services Laboratory 

CLIENT: Hahn and Associates 

Lab Order: 0303172 

Project: 2708-30INW NATURAUGASCO 

Lab ID: 0303172-02A 

Analyses Result 

GAS/BTEX, AQUEOUS 
Benzene ND 

Ethylbenzene ND 

Toluene ND 

Xylenes, Total ND 

Surr: Trifluorotoluene 105 

ICP METALS 
Arsenic ND 

Chromium ND 

Copper ND 

Lead NO 

Nickel NO 

Zinc ND 

PAH BY SIM, AQUEOUS 
Acenaphthene NO 

Acenaphthylene NO 

Anthracene NO 

Benz(a )anthracene NO 

Benzo(a)pyrene NO 

Benzo(b)fluoranthene NO 

Benzo(g,h,i)perylene NO 

Benzo(k)fluoranthene NO 

Chrysene NO 

Oibenz(a,h)anthracene NO 
Fluoranthene NO 
Fluorene NO 
I ndeno(l,2,3-cd)pyrene ND 

Naphthalene NO 
Phenanthrene NO 
Pyrene NO 

Surr: 2-Fluorobiphenyl 59.0 
Surr: 4-Terphenyl-d14 65.0 
Surr: Nitrobenzene-d5 63.0 

CYANIDE 
Cyanide 0.13 

CYANIDE 
Cyanide, Amenable NO 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

Date: 31-Mar-03 

Client Sample ID: 101 

Tag Number: 

Collection Date: 3/17/03 

Matrix: AQUEOUS 

Limit Qual Units DF Date Analyzed 

8015/8021 Analyst: tin 
0.50 1J9/L 3124103 

0.50 1J9/L 3124/03 

0.50 1J9/L 3124/03 

1.5 1J9/L 3124/03 
70-130 %REC 3/24/03 

EPA 6010B (300SA) Analyst: mal 
0.010 mg/L 3120/03 

0.015 mg/L 3120/03 

0.0030 mg/L 3120/03 

0.0060 mg/L 3120103 

0.0050 mg/L 3120/03 

0.020 mg/L 3120103 

8270·SIM (3510C) Analyst: mrs 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 
0.10 1J9/L 3121103 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121103 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 IJg/L 3121/03 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121103 
0.10 IJg/L 3121103 
0.10 IJg/L 3121/03 

0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 

43-116 %REC 3121/03 
33-141 %REC 3/21/03 
35-114 %REC 1 3/21103 

EPA 9014 Analyst: jca 
0.040 mg/L 3128/03 

EPA 9014 Analyst: jca 
0.040 mg/L 3128103 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 

• - Value exceeds Maximum Contaminant level 

E - Value above quantitation range 

Page 2 of2 
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Environmental Services Laboratory 

CLIENT: Hahn and Associates 

Work Order: 0303172 

Project: 2708-30/NW NATURAUGASCO 

Sample 10: MBlK SampType: MBlK 

Client 10: ZZZZZ 

Analyte 

Cyanide 

Sample 10: LCS 

Client 10: ZZZZZ 

Analyte 

Cyanide 

Sample 10: LCSD 

Client 10: ZZZZZ 

Analyte 

Cyanide 

Sample 10: 0303173..()2A MS 

Client 10: ZZZZZ 

Analyte 

Cyanide 

Sample 10: 0303172..()2A DUP 

Client 10: 101 

Analyte 

Cyanide 

Batch 10: R13420 

Result 

NO 

SampType: LCS 

Batch 10: R13420 

Result 

0.183 

SampType: LCSD 

Batch 10: R13420 

Result 

0.182 

SampType: MS 

Batch 10: R13420 

Result 

0.203 

SampType: DUP 

Batch 10: R13420 

Result 

0.117 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

Date: 3J-Mar-03 

ANAL YTICAL QC SUMMARY REPORT 

TestCode: 01 CNA 

TestCode: 01 CN A Units: mg/L Prep Date: 3126/03 Run 10: HIT MAN_030328A 

TestNo: EPA 9014 Analysis Date: 3/28/03 Seq No: 161324 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 

TestCode: 01 CN A Units: mg/L Prep Date: 3126/03 Run 10: HIT MAN_030328A 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161325 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 0.2 0 91.5 79.8 111 0 0 

TestCode: 01 CN A Units: mg/L Prep Date: 3120/03 Run 10: HIT MAN_030328A 

TestNo: EPA 9014 Analysis Date: 3/28/03 Seq No: 161326 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 

0.040 0.2 0 91 79.8 111 0.182 0 20 

TestCode: 01 CN A Units: mg/L Prep Date: 3128/03 Run 10: HIT MAN_030328A 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161330 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPO Ref Val %RPD RPDLimit Qual 

0.040 0.2 0.042 80.5 64.4 125 0 0 

TestCode: 01 CN A Units: mg/L Prep Date: 3128/03 Run 10: HIT MAN_030328A 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161328 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 0 0 0 0 0 0.134 13.5 20 

S - Spike Recovery outside accepted recovery limits 

R - RPO outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 

Page 1 of 12 
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CLIENT: Hahn and Associates 

Work Order: 0303172 

Project: 2708-301NW NATURAUGASCO 

Sample 10: MBLK SampType: MBLK 

Client 10: ZZZZZ 

Analyte 

Cyanide, Amenable 

Sample 10: LCS 

Client 10: ZZZZZ 

Analyte 

Cyanide, Amenable 

Sample 10: LCSD 

Client 10: ZZZZZ 

Analyte 

Cyanide, Amenable 

Sample 10: 0303173-Q2A MS 

Client 10: zzz.zz 

Analyte 

Cyanide, Amenable 

Sample 10: 0303172-Q2A DUP 

Client 10: 101 

Analyte 

Cyanide, Amenable 

Batch 10: R13421 

Result 

NO 

SampType: LCS 

Batch 10: R13421 

Result 

0.183 

SampType: LCSD 

Batch 10: R13421 

Result 

0.182 

SampType: MS 

Batch 10: R13421 

Result 

0.203 

SampType: DUP 

Batch 10: R13421 

Result 

NO 

Qualifiers: NO - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 01 CN4A 

TestCode: 01 CN4 A Units: mg/L Prep Date: 3126/03 Run 10: HIT MAN_030328B 

TestNo: EPA 9014 Analysis Date: 3/28/03 Seq No: 161334 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 

TestCode: 01 CN4 A Units: mg/L Prep Date: 3126/03 Run 10: HIT MAN_030328B 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161335 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 0.2 0 91.5 81 113 0 0 

TestCode: 01 CN4 A Units: mg/L Prep Date: 3120/03 Run 10: HIT MAN_030328B 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161336 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.040 0.2 0 91 81 113 0.183 0.548 20 

TestCode: 01 CN4 A Units: mg/L Prep Date: 3128/03 Run 10: HIT MAN_030328B 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161340 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPOLimit Qual 

0.040 0.2 0 102 75 120 0 0 

TestCode: 01 CN4 A Units: mg/L Prep Date: 3128/03 Run 10: HIT MAN_030328B 

TestNo: EPA 9014 Analysis Date: 3/28/03 SeqNo: 161338 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPOLimit Qual 

0.040 0 0 0 0 0 0 0 0 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 
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CLIENT: 

Work Order: 
Project: 

Hahn and Associates 

0303172 

2708-30fNW NATURAUGASCO 

Sample 10: MB.5534 

Client 10: ZZZZZ 

SampType: MBLK 

Batch 10: 5534 

Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

lead 

Nickel 

Selenium 

Silver 

Zinc 

Sample 10: LCS-5534 

Client 10: ZZZZZ 

Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

lead 

Nickel 

Selenium 

Silver 

Zinc 

Result 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

SampType: LCS 

Batch 10: 5534 

Result 

0.486 

0.486 

0.496 

0.5 

0.471 

0.498 

0.497 

0.497 

0.499 

0.495 

0.504 

0.513 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

TestCode: 02 ICPA Units: mg/L 

TestNo: EPA 6010B (3005A) 

PQl 

0.010 

0.010 

0.0010 

0.0010 

0.0010 

0.015 

0.0030 

0.0060 

0.0050 

0.015 

0.0030 

0.020 

SPK value SPK Ref Val 

TestCode: 02 (CPA Units: mg/L 

TestNo: EPA 6010B (3005A) 

PQl SPK value SPK Ref Val 

0.010 0.5 0 

0.010 0.5 0 

0.0010 0.5 0 

0.0010 0.5 0 

0.0010 0.5 0 

0.015 0.5 0 

0.0030 0.5 0 

0.0060 0.5 0 

0.0050 0.5 0 

0.015 0.5 0 

0.0030 0.5 0 

0.020 0.5 0 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 02 ICPA 

Prep Date: 3/20/03 

Analysis Date: 3/20/03 

Run 10: (CP _030320A 

SeqNo: 160434 

%REC lowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 

Prep Date: 3/20/03 Run 10: ICP _030320A 

Analysis Date: 3/20/03 SeqNo: 160435 

%REC lowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 

97.2 80 120 0 0 

97.2 80 120 0 0 

99.2 80 120 0 0 

100 80 120 0 0 

94.2 80 120 0 0 

99.6 80 120 0 0 

99.4 80 120 0 0 

99.4 80 120 0 0 

99.8 80 120 0 0 

99 80 120 0 0 

101 80 120 0 0 

103 80 120 0 0 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 
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CLIENT: Hahn and Associates ANALYTICAL QC SUMMARY REPORT 
Work Order: 0303172 

Project: 2708-301NW NATURAUGASCO TestCode: 02lCPA 

Sample 10: 0303168-02A MS SampType: MS TestCode: 02 ICPA Units: mg/L Prep Date: 3120/03 Run 10: ICP _030320A 

Client 10: ZZZZZ Batch 10: 5534 TestNo: EPA 60108 (3005A) Analysis Date: 3/20/03 Seq No: 160437 

Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPOLimit Qual 

Antimony 0.625 0.010 0.5 0.0926 106 75 125 0 0 
Arsenic, TCLP 0.572 0.20 0.5 0 114 75 125 0 0 
Barium, TCLP 0.651 0.020 0.5 0.171 96 75 125 0 0 
Beryllium 0.498 0.0010 0.5 0 99.6 75 125 0 0 

Cadmium, TCLP 0.486 0.020 0.5 0 97.2 75 125 0 0 

Chromium, TCLP 0.491 0.020 0.5 0 98.2 75 125 0 0 
Copper, TCLP 0.556 0.060 0.5 0 111 75 125 0 0 

Lead, TCLP 0.52 0.12 0.5 0 104 75 125 0 0 
Nickel, TCLP 0.972 0.10 0.5 0.468 101 75 125 0 0 

Selenium, TCLP 0.577 0.30 0.5 0 115 75 125 0 0 
Silver, TCLP 0.559 0.060 0.5 0 112 75 125 0 0 
Zinc, TCLP 0.781 0.40 0.5 0 156 75 125 0 0 S,MI 

Sample 10: 0303168-02A MSD SampType: MSD TestCode: 02 ICPA Units: mg/L Prep Date: 3120/03 Run 10: ICP _030320A 

Client 10: ZZZZZ Batch 10: 5534 TestNo: EPA 6010B (3005A) Analysis Date: 3/20/03 Seq No: 160438 

Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPO RPOLimit Qual 

Antimony 0.631 0.010 0.5 0.0926 108 75 125 0.625 0.955 20 

Arsenic, TCLP 0.57 0.20 0.5 0 114 75 125 0.572 0.350 20 

Barium, TCLP 0.653 0.020 0.5 0.171 96.4 75 125 0.651 0.307 20 

Beryllium 0.5 0.0010 0.5 0 100 75 125 0.498 0.401 20 
Cadmium, TCLP 0.488 0.020 0.5 0 97.6 75 125 0.486 0.411 20 

Chromium, TCLP 0.489 0.020 0.5 0 97.8 75 125 0.491 DA08 20 

Copper, TCLP 0.558 0.060 0.5 0 112 75 125 0.556 0.359 20 

Lead, TCLP 0.524 0.12 0.5 0 105 75 125 0.52 0.766 20 

Nickel, TCLP 0.979 0.10 0.5 0.468 102 75 125 0.972 0.718 20 
::::'\ Selenium, TCLP 0.575 0.30 0.5 0 115 75 125 0.577 0.347 20 0 
"0 Silver, TCLP 
"0 

0.561 0.060 0.5 0 112 75 125 0.559 0.357 20 

CD Zinc, TCLP 0.784 0.40 0.5 0 157 75 125 0.781 0.383 20 S,MI ., 
CIJ 
0 
N 
(,V 
0 
(J) 
.j::>.. Qualifiers: NO • Not Detected at the Reporting Limit S • Spike Recovery outside accepted recovery limits B • Analyte detected in the associated Method Blank 

J • Analyte detected below quantitation limits R • RPD outside accepted recovery limits Page 4 of 12 
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CLIENT: 

Work Order: 

Project: 

Hahn and Associates 

0303172 

2708-30/NW NATURAUGASCO 

Sample ID: 0303172-02A DUP 

Client ID: 101 

SampType: DUP 

Batch ID: 5534 

Analyte 

Antimony 

Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 

Copper 

lead 

Nickel 
Selenium 

Silver 
Zinc 

Sample ID: CCV 

Client ID: ZZZZZ 

Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

lead 

Nickel 

Selenium 

Silver 

Zinc 

Qualifiers: 

Result 

ND 

0.0131 

0.0713 
ND 

0.0015 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

SampType: CCV 

Batch ID: 5230 

Result 

0.493 

0.496 

0.496 
0.508 
0.504 
0.496 

0.493 
0.502 

0.506 
0.508 

0.506 

0.509 

ND • Not Detected at the Reporting Limit 

J • Analyte detected below quantitation limits 

TestCode: 02 ICPA Units: mg/L 

TestNo: EPA 60108 (3005A) 

PQl 

0.010 
0.010 

0.0010 
0.0010 

0.0010 

0.015 

0.0030 

0.0060 

0.0050 
0.015 

0.0030 
0.020 

SPK value SPK Ref Val 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

TestCode: 02 ICPA 

TestNo: EPA 60108 

Units: mg/L 

PQl 

0.010 

0.010 

0.0010 
0.0010 
0.0010 

0.015 

0.0030 
0.0060 

0.0050 
0.015 

0.0030 

0.020 

SPK value SPK Ref Val 

0.5 

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

0.5 

0.5 

0.5 

0.5 
0.5 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 02lCPA 

Prep Date: 3/20/03 

Analysis Date: 3/20/03 

%REC lowLimit HighLimit RPD Ref Val 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Prep Date: 12118/02 

Analysis Date: 3/20/03 

o 
o 

0.0727 

o 
0.0013 

o 
o 
o 
o 
o 
o 
o 

%REC lowLimit HighLimit RPD Ref Val 

98.6 
99.2 

99.2 
102 
101 

99.2 

98.6 
100 

101 
102 

101 

102 

90 
90 

90 
90 
90 
90 

90 

90 

90 
90 

90 

90 

110 
110 

110 
110 
110 
110 
110 
110 

110 
110 

110 

110 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Run ID: ICP _030320A 

Seq No: 160440 

%RPD RPDLimit Qual 

o 
200 
1.94 

o 
14.3 

o 
o 
o 
o 
o 
o 
o 

20 
20 R,T 

20 
20 

20 

20 

20 

20 

20 
20 

20 
20 

Run ID: ICP _030320A 

SeqNo: 160449 

%RPD RPDLimit Qual 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

S - Spike Recovery outside accepted recovery limits 

R • RPD outside accepted recovery limits 

B • Analyte detected in the associated Method Blank 
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CLIENT: Hahn and Associates 

Work Order: 0303172 
Project: 2708-301NW NATURAUGASCO 

Sample 10: ICVlOW SampType: ICV 

Client 10: ZZZZZ Batch 10: 5534 

Analyte Result 

Antimony 0.495 
Arsenic 0.501 
Barium 0.5 
Beryllium 0.503 
Cadmium 0.5 
Chromium 0.509 
Copper 0.502 
lead 0.502 
Nickel 0.505 
Selenium 0.495 

Silver 0.505 

Zinc 0.51 

Qualifiers: NO - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

ANAL YTICAL QC SUMMARY REPORT 

TestCode: 02 ICPA 

TestCode: 02 ICPA Units: mg/l Prep Date: 3120/03 Run 10: ICP _030320A 

TestNo: EPA 6010B Analysis Date: 3/20/03 Seq No: 160433 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPO Ref Val %RPO RPDLimit Qual 

0.010 

0.010 

0.0010 

0.0010 

0.0010 

0.015 

0.0030 

0.0060 

0.0050 

0.015 

0.0030 

0.020 

0.5 0 99 90 
0.5 0 100 90 

0.5 0 100 90 
0.5 0 101 90 

0.5 0 100 90 
0.5 0 102 90 

0.5 0 100 90 

0.5 0 100 90 

0.5 0 101 90 
0.5 0 99 90 

0.5 0 101 90 

0.5 0 102 90 

S - Spike Recovery outside accepted recovery limits 

R - Ri'D outside accepted recovery limits 

110 0 0 

110 0 0 

110 0 0 

110 0 0 

110 0 0 

110 0 0 

110 0 0 

110 0 0 

110 0 0 
110 0 0 

110 0 0 

110 0 0 

B - Analyte detected in the associated Method Blank 
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CLIENT: Hahn and Associates 

Work Order: 0303172 

Project: 2708-301NW NATURAUGASCO 

-
Sample ID: MBlK SampType: MBlK 

Client 10: zzzzz. Batch ID: R13378 

Analyte Result 

Benzene ND 
Ethylbenzene ND 
Toluene ND 
Xylenes, Total ND 
Gasoline ND 

Surr: Trifluorotoluene 102 

Sample 10: LCS SampType: LCS 

Client ID: ZZZZZ Batch ID: R13378 

Analyte Result 

Benzene 42.4 
Ethylbenzene 41.6 

Toluene 41.8 

Xylenes, Total 128 

Gasoline 1940 

Surr: Trifluorotoluene 99.8 

Sample ID: lCSD SampType: LCSD 

ClientlD: zzzzz. Batch ID: R13378 

Analyte Result 

Benzene 41.8 

Ethylbenzene 41 

Toluene 41.2 

Xylenes, Total 126 

Gasoline 1960 

Surr: Trifluorotoluene 100 

Qualifiers: NO· Not Detected at the Reporting Limit 

J • Analyte detected below quantitation limits 

ANAL YTICAL QC SUMMARY REPORT 

TestCode: 04BGA 

TestCode: 04 BG A Units: Ilg/l Prep Date: Run ID: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 SeqNo: 160806 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 

0.50 

0.50 

1.5 

100 

0 100 0 102 70 130 0 0 

TestCode: 04 BG A Units: 1l9/L Prep Date: Run 10: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 Seq No: 160807 

PQl SPK val!-'e SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 40 0 106 85 115 0 0 

0.50 40 0 104 85 115 0 0 

0.50 40 0 104 85 115 0 0 

1.5 120 0 107 85 115 0 0 

100 2000 0 97 80 120 0 0 

0 100 0 99.8 70 130 0 0 

TestCode: 04 BG A Units: Ilg/L Prep Date: Run ID: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 SeqNo: 160808 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 40 0 104 85 115 42.4 1.43 20 

0.50 40 0 103 85 115 41.6 1.45 20 

0.50 40 0 103 85 115 41.8 1.45 20 

1.5 120 0 105 85 115 128 1.57 20 

100 2000 0 98 80 120 1940 1.03 20 

0 100 0 100 70 130 0 0 0 

S • Spike Recovery outside accepted recovery limits 

R • RPD outside accepted recovery limits 

B • Analyte detected in the associated Method Blank 
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CLIENT: 

Work Order: 
Hahn and Associates 

0303172 

Project: 2708-301NW NATURAUGASCO 

Sample 10: 0303172-Q2A MS 

Client 10: 101 . 

Analyte 

Benzene 

Ethylbenzene 

Toluene 

Xylenes, Total 

Surr: Trifluorotoluene 

Sample 10: 0303172-Q2A DUP 

Client 10: 101 

Analyte 

Benzene 

Ethylbenzene 

Toluene 

Xylenes, Total 

Surr: Trifluorotoluene 

Sample 10: CCV 

Client 10: ZZZZZ 

Analyte 

Benzene 

Ethylbenzene 

Toluene 

Xylenes, Total 

Gasoline 

Surr: Trifluorotoluene 

SampType: MS 

Batch 10: R13378 

Result 

21.2 

20.8 

21.1 

64.9 

99.5 

SampType: DUP 

Batch 10: R13378 

Result 

NO 
NO 
NO 
NO 
105 

SampType: CCV 

Batch ID: R13378 

Result 

31.9 

31.5 

31.7 

96.6 

1500 

103 

Quali!iers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

"- .~ -.. 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 04BGA 

TestCode: 04 BG A Units: pg/L Prep Date: Run 10: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 SeqNo: 160813 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 20 0 106 85 115 0 0 

0.50 20 0 104 85 115 0 0 

0.50 20 0 106 85 115 0 0 

1.5 60 0 108 85 115 0 0 

0 100 0 99.5 70 130 0 0 

TestCode: 04 BG A Units: pg/L Prep Date: Run 10: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 SeqNo: 160812 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 0 0 0 0 0 0 0 20 

0.50 0 0 0 0 0 0 0 20 

0.50 0 0 0 0 0 0 0 20 

1.5 0 0 0 0 0 0 0 20 

0 100 0 105 50 150 0 0 20 

TestCode: 04 BG A Units: 1l9/l Prep Date: Run 10: CRICK_030324A 

TestNo: 8015/8021 Analysis Date: 3/24/03 Seq No: 160809 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.50 30 0 106 85 115 0 0 

0.50 30 0 105 85 115 0 0 

0.50 30 0 106 85 115 0 0 

1.5 90 0 107 85 115 0 0 

100 1500 0 100 80 120 0 0 

0 100 0 103 70 130 0 0 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 
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CLIENT: 

Work Order: 
Halm and Associates 

0303172 
Project: 2708-30fNW NATURAUGASCO 

Sample 10: MB.5536 

Client ID: ZZZZZ 

Analyte 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(1,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

Surr: 2-Fluorobiphenyl 

Surr: 4-Terphenyl-d 14 

Surr: Nitrobenzene-d5 

Sample 10: lCS-5536 

Client 10: ZZZZZ 

Analyte 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

SampType: MBlK 

Batch ID: 5536 

Result 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

0.67 

0.72 

0.71 

SampType: LCS 

Batch 10: 5536 

Result 

0.72 

0.74 

0.83 

0.82 

0.78 

0.76 

0.63 

Qualifiers: NO - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 06 PAH A 

TestCode: 06 PAH A Units: IIg/l Prep Date: 3120/03 Run ID: HEISENBURG_030321A 

TestNo: 8270-SIM (3510C) Analysis Dale: 3/21/03 Seq No: 160627 

PQl SPK value SPK Ref Val %REC lowLimil HighLimil RPD Ref Val %RPD RPDLimil Qual 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0 0 67 43 116 0 0 

0 0 72 33 141 0 0 

0 0 71 35 114 0 0 

TestCode: 06 PAH A . Units: IIg/l Prep Date: 3120/03 Run ID: HEISENBURG_030321A 

TeslNo: 8270-SIM (3510C) Analysis Date: 3/21/03 Seq No: 160628 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.10 0 72 47 145 0 0 

0.10 0 74 33 145 0 0 

0.10 0 83 27 133 0 0 

0.10 0 82 33 143 0 0 
0.10 0 78 17 163 0 0 

0.10 0 76 24 159 0 0 

0.10 0 63 219 0 0 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 
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CLIENT: 

Work Order: 
Hahn and Associates 

0303172 

Project: 2708-301NW NATURAUGASCO 

Sample 10: lCS-5536 

Client ID: ZZZZZ 

Analyte 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno( l,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

Surr: 2-Fluorobiphenyl 

Surr: 4-Terphenyl-d14 

Surr: Nitrobenzene-d5 

Sample ID: LCSO-5536 

Client ID: ZZZZZ 

Analyte 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(1,2,3-cd)pyrene 

Naphthalene 

SarripType: lCS 

Batch ID: 5536 

Result 

0.82 

0.82 

0.65 

0.82 

0.74 

0.64 

0.77 

0.84 

0.84 

0.67 

0.71 

0.7 

SampType: LCSO 

Batch ID: 5536 

Result 

0.67 

0.69 

0.76 

0.76 

0.72 

0.71 

0.56 

0.78 

0.77 

0.57 

0.76 

0.73 

0.56 

0.67 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

TestCode: 06 PAH A 

TestNo: 8270-SIM 

Units: 119/l 

(3510C) 

PQl SPK value SPK Ref Val 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

o 
o 
o 

1 
. 1 

TestCode: 06 PAH A 

TestNo: 8270-SIM 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Units: IIg/L 

(3510C) 

PQl SPK value SPK Ref Val 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 06 PAH A 

Prep Date: 3/20/03 

Analysis Date: 3/21/03 

%REC lowLimit HighLimit RPD Ref Val 

82 

82 

65 

82 

74 

64 

77 

84 
84 

67 

71 

70 

11 

17 

1 

26 

59 

21 

54 

52 

43 

33 

35 

162 

168 

227 

137 

121 

171 

133 

120 

115 

116 

141 

114 

Prep Date: 3/20/03 

Analysis Date: 3/21/03 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

%REC lowLimit HighLimit RPD Ref Val 

67 

69 

76 

76 

72 

71 

56 

78 

77 

57 

76 

73 

56 

67 

47 

33 
27 

33 

17 

24 

11 

17 

26 

59 

21 

145 

145 

133 

143 

163 

159 

219 

162 

168 

227 

137 

121 

171 

133 

0.72 

0.74 

0.83 

0.82 

0.78 

0.76 

0.63 

0.82 

0.82 

0.65 

0.82 

0.74 

0.64 

0.77 

Run ID: HEISENBURG_030321A 

Seq No: 160628 

%RPD RPDLimit Qual 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Run ID: HEISENBURG_030321A 

Seq No: 160629 

%RPD RPDLimit Qual 

7.19 

6.99 

8.81 

7.59 

8.00 

6.80 

11.8 

5.00 

6.29 
13.1 

7.59 

1.36 

13.3 

13.9 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 
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CLIENT: Halm and Associates 

Work Order: 0303172 
Project: 2708-30fNW NA TURAUGASCO 

Sample 10: LCSD.5536 SampType: LCSD 

Client 10: zz.zzz Batch 10: 5536 

Analyte Result 

Phenanthrene 0.78 
Pyrene 0.81 

Surr: 2-Fluorobiphenyl 0.61 
Surr: 4-Terphenyl-d14 0.68 
Surr: Nitrobenzene-d5 0.62 

Sample 10: 0303172-o2A MS SampType: MS 

Client 10: 101 Batch 10: 5536 

Analyte Result 

Acenaphthene 0.76 

Acenaphthylene 0.7 
. Anthracene 0.79 

Benz(a)anthracene 0.77 

Benzo(a)pyrene 0.72 

Benzo(b)fluoranthene 0.7 

Benzo(g,h,i)perylene 0.59 

Benzo(k)fluoranthene 0.75 

Chrysene 0.76 

Dibenz(a,h)anthracene 0.61 

Fluoranthene 0.76 

Fluorene 0.75 

Indeno(1,2,3-cd)pyrene 0.59 

Naphthalene 0.9 

Phenanthrene 0.81 

Pyrene 0.83 

Surr: 2-Fluorobiphenyl 0.6 

Surr: 4-Terphenyl-d14 0.68 

Surr: Nitrobenzene-d5 0.67 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

ANAL YTICAL QC SUMMARY REPORT 

TestCode: 06 PAHA 

TestCode: 06 PAH A Units: 1J9/L Prep Date: 3120/03 Run 10: HEISENBURG_030321A 

TestNo: 8270·SIM (3510C) Analysis Date: 3/21/03 SeqNo: 160629 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.10 0 78 54 120 0.84 7.41 30 

0.10 0 81 52 115 0.84 3.64 30 

0 0 61 43 116 0 0 30 

0 0 68 33 141 0 0 30 

0 0 62 35 114 0 0 30 

TestCode: 06 PAH A Units: 1J9/L Prep Date: 3120/03 Run 10: HEI8ENBURG_030321A 

TestNo: 8270·81M (3510C) Analysis Date: 3/21/03 Seq No: 160637 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD . RPDLimit Qual 

0.10 . 1 0 76 47 145 0 0 

0.10 . 1 0 70 33 145 0 0 

0.10 0 79 27 133 0 0 

0.10 0 77 33 143 0 0 

0.10 0 72 17 . 163 0 0 

0.10 0 70 24 159 0 0 

0.10 0 59 219 0 0 

0.10 0 75 11 162 0 0 

0.10 0 76 17 168 0 0 

0.10 0 61 227 0 0 

0.10 0 76 26 137 0 0 

0.10 0 75 59 121 0 0 

0.10 0 59 1 171 0 0 

0.10 0 90 21 133 0 0 

0.10 0 81 54 120 0 0 

0.10 0 83 52 115 0 0 

0 0 60 43 116 0 0 

0 0 68 33 141 0 0 

0 0 67 35 114 0 0 

S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

R - RPD outside accepted recovery limits Page II of 12 
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CLIENT: Hahn and Associates 

Work Order: 0303172 
Project: 2708-301NW NATURAUGASCO 

Sample 10: CCV SampType: CCV 

ClientlD: zzzzz. Batch 10: R13363 

Analyte Result 

Acenaphthene 0.84 

Acenaphthylene 0.87 

Anthracene 0.91 

Benz(a)anthracene 0.91 

Benzo(a)pyrene 0.89 

Benzo(b )f1uoranthene 0.89 

Benzo(g,h,i)perylene 0.8 

Benzo(k)fluoranthene 0.97 

Chrysene 0.94 
Dibenz(a,h)anthracene 0.8 

Fluoranthene 0.93 

Fluorene 0.84 

Indeno(1,2,3-cd)pyrene 0.8 

Naphthalene 0.92 

Phenanthrene 0.92 

Pyrene 0.95 

Surr. 2-Fluorobiphenyl 0.95 

Surr: 4-Terphenyl-d14 0.94 

Surr: Nitrobenzene-d5 0.94 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

ANALYTICAL QC SUMMARY REPORT 

TestCode: 06PAHA 

TestCode: 06 PAH A Units: IJg/L Prep Date: Run 10: HEISENBURG_030321A 

TestNo: 8270-SIM Analysis Date: 3/21/03 Seq No: 160633 

PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0 

0 

0 

0 84 80 

0 87 80 

0 91 80 

0 91 80 

0 89 80 

0 89 80 

0 80 80 

0 97 80 

0 94 80 

0 80 80 

1 0 93 80 
. 1 0 84 80 

0 80 80 

0 92 80 

0 92 80 

0 95 80 

0 95 43 

0 94 33 

0 94 35 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

120 0 0 

116 0 0 

141 o .' 0 

114 0 0 

B - Analyte detected in the associated Method Blank 
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ENVIRONMENTAL SERVICES LABORATORY - GLOSSARY OF FLAGS 

QUALIFIER 

AA 
AB 
AC 
AD 
AE 
AF 
AG 
A 
B 
C 

D 
E 
H 

J 

M 
MI 
N 
0 
Q 

R 
S 
T 

X 

DESCIUPTION 

This sample was analyzed after the holding time had expired. 
The hydrocarbon pattern in this sample is not typical of gasoline~ 
The hydrocarbon pattern in this sample is not typical of diesel. 
The hydrocarbon pattern in this sample is not typical of oil. 
The hydrocarbon pattern in this sample extends into the gasoline range. 
TIle hydrocarbon pattern in this sample extends into the diesel ranger 
The hydrocarbon pattern in this sample extends into the oil range. 
This analysis was performed on a VOA sample containing headspace. 
Analyte detected in the Method Blank above the reporting level. 
TIle Relative Percent Difference (RPD) for the primary result and confinnation result was 
greater than 40%. The higher result was reported. 
The sample was supplied in an inappropriate container according to method criteria. 
TIlis value is above the quantitation limit. It is considered an estimate. 
The Matrix Spike/Matrix Spike Duplicate (MSIMSD) result was outside control limits. TIle 
Laboratory Control Standard/Duplicate (LCS/LCSD) result was fn control validating the batch. 
The result is above the Method Detection Limit (MOL) and below the Reporting level (RL). It 
is considered an estimate. 
TIle MSIMSD recoveries are not calculable due to a high amount of analyte in sample. 
This indicates a high level of matrix interference affecting the spike or surrogate recovery. 
See case narrative. 
Detection Limits are elevated due to sample dilution. See case narrative. 
Further inspection of the sample confinns a non-homogenous sample matrix affecting RPD 
result. 
The RPD n:sult is outside method control limits. See other qualifiers or case narrative. 
The spike recovery is' outside method control limits. See other qualifiers or case narrative. 
TIle RPD between the sample result and duplicate result was greater than 20%. The original 
result was less than three times the reporting level, therefore the RPD is not applicable. 
Unable to quantitate surrogate recovery due to sample dilution. 
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Environmental Services Laboratory, Inc. 
17400 SW Upper Boones Ferry Road, Suite 270 • Portland, OR 97224 • (503) 670-8520 

March 31, 2003 

Mr. Rob Ede 
Hahn and Associates 
434 NW Sixth Avenue 
Suite 203 

Portland, OR 97209 

TEL: (503)796-0717 

FAX (503) 227-2209 

RE: 2708-301NW NATURAL/GAS CO 

Dear Mr. Rob Ede: 
Order No.: 0303173 

Environmental Services Laboratory received 8 samples on 3119/03 for the analyses presented in 
the following report. 

There were no analytical problems encountered and all associated QC data met EPA or 
laboratory specifications except where noted in a Case Narrative. Results apply only to the 
samples analyzed. Reproduction of this report is permitted only in its entirety, without the 
written approval of the laboratory. The following checked data sections are included in this 
report, and numbered to indicate total pages ~ontained within each report section. 

/Base Sample Report ~ethod Blank Report ~ Sample Duplicate Report /Matrix 
SpikelMatrix Spike Duplicate Report /Laboratory Control Spike/Spike Duplicate Report 
/ Continuing Calibration Verification Report ,/ Initial Calibration Verification Report 

If you have any questions regarding these tests results, please feel free to call . 

~~ ~~ 
Project Manager Technical Review 

ANALYTICAL SERVICES FOR THE ENVIRONMENT 

E S L 
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Environmental Services Laboratory 

CLIENT: 

Lab Order: 

Project: 

Lab ID: 

Hahn and Associates 

0303173 

2708-301NW NATURAUGASCO 

0303173-01A 

Date: 31-Mar-03 

Client Sample ID: 102 

Tag Number: 

Collection Date: 3/18/03 

Matrix: AQUEOUS 

Analyses Result Limit Qual Units DF Date Analyzed 

GAS/BTEX, AQUEOUS 8015/8021 
Benzene NO 0.50 

Ethylbenzene NO 0.50 
Toluene NO 0.50 

Xylenes. Total NO 1.5 
Surr: Trifluorololuene 102 70-130 

Qualifiers: ND - Not Detected at the Reporting L.imit 

J - Analyte detected below quantitation limits 

B - Analyte detected in the associated Method Blank 

• - Value exceeds Maximum Contaminant Level 

Analyst: tin 
~g/L 3/25/03 

~g/L 3/25/03 

~g/L 3/25/03 

~g/L 3/25/03 

%REC 3/25/03 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

E - Value above quantitation range 

Page 1 of 11 
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Environmental Services Laboratory 

CLIENT: Hahn and Associates 

Lab Order: 0303173 

Project: 2708-30/NW NATURAL/GAS CO 

Lab ID: 0303173-02A 

Analyses Result 

GAS/BTEX, AQUEOUS 
Benzene NO 

Ethylbenzene NO 

Toluene NO 

Xylenes, Total NO 

Surr: Trifluorotoluene 102 

ICP METALS 
Arsenic NO 

Chromium NO 

Copper NO 

Lead NO 

Nickel NO 

Zinc NO 

PAH BY SIM, AQUEOUS 
Acenaphthene NO 

Acenaphthylene NO 

Anthracene NO 

Benz(a)anthracene NO 

Benzo(a)pyrene NO 

Benzo(b )fluoranthene NO 
Benzo(g,h,i)perylene NO 

Benzo(k)fluoranthene NO 

Chrysene NO 
Oibenz(a ,h )anthracene NO 

Fluoranthene NO 

Fluorene NO 

Indeno(l,2,3-cd)pyrene NO 

Naphthalene NO 

Phenanthrene NO 

Pyrene NO 

Surr: 2-Fluorobiphenyl 55.0 
Surr: 4-Terphenyl-d 14 65.0 
Surr: Nitrobenzene-d5 63.0 

CYANIDE 
Cyanide 0.042 

CYANIDE 
Cyanide, Amenable NO 

Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

Date: 3J-Mar-03 

Client Sample ID: 103 

Tag Number: 

Collection Date: 3/18/03 

Matrix: AQUEOUS 

Limit Qual Units DF Date Analyzed 

8015/8021 Analyst: tin 
0.50 1J9/L 3124/03 

0.50 1J9/L 3124/03 

0.50 1J9/L 3124/03 

1.5 1J9/L 3124/03 

70-130 %REC 3/24/03 

EPA6010B (300SA) Analyst: mal 
0.010 mg/L 3120/03 

0.015 mg/L 3120/03 

0.0030 mg/L 3120/03 

0.0060 mg/L 3120/03 

0.0050 mg/L 3120/03 

0.020 mg/L 3120/03 

8270-SIM (3S10C) Analyst: mrs 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1-19/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121103 

0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 
0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

0.10 1J9/L 3121/03 

43-116 %REC 3/21/03 

33-141 %REC 3/21/03 

35-114 %REC 3/21/03 

EPA9014 Analyst: jca 
0.040 mg/L 3128/03 

EPA 9014 Analyst: jca 
0.040 mg/L 3128/03 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 

• - Value exceeds Maximum Contaminant Level 

E - Value above quantitation range 
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